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IMPORTANT SAFETY NOTICE 


Appropriate service methods and proper repair procedures are essential for the safe, reliable 
operation of all motor vehicles, as well as for the personal safety of the individual doing the 
work. This manual provides general directions for accomplishing service and repair work with 
tested, effective techniques. Following them will help assure reliability. 


There are numerous variations in procedures, techniques, tools, and parts for servicing vehicles, 
as well as in the skill of the individual doing the work. This manual cannot possibly anticipate 
all such variations and provide advice or cautions as to each. Accordingly, anyone who departs 
from instructions provided in this manual must first establish that he compromises neither his 
personal safety nor the vehicle integrity by his choice of methods, tools, or parts. 


As you read through the procedures, you will come across NOTES, CAUTIONS and WARNINGS. 
Each one is there for a specific purpose. NOTES give you added information that will help 
you to complete a particular procedure. CAUTIONS are given to prevent you from making an 
error that could damage the vehicle. WARNINGS remind you to be especially careful in those 
areas where carelessness can cause personal injury. The following list contains some general 
WARNINGS that you should follow when you work on a vehicle. 


Always wear safety glasses for eye protection. 
Use safety stands whenever a procedure requires you to be under the vehicle. 


Be sure that the ignition switch is always in the OFF position, unless otherwise required 
by the procedure. 


Set the parking brake when working on the vehicle. The manual transmission shifter lever 
should be in REVERSE (engine OFF) or NEUTRAL (engine ON) unless instructed otherwise 
for a specific service operation. 


Operate the engine only in a well-ventilated area to avoid the danger of carbon monoxide. 


Keep yourself and your clothing away from moving parts when the engine is running, 
especially the fan and the belts. 


To prevent serious burns, avoid contact with hot metal parts such as the radiator, exhaust 
manifold, tail pipe, and muffler. 


Do not smoke while working on the vehicle. 


To avoid injury always remove rings, watches, loose hanging jewelry, and loose clothing before 
beginning to work on a vehicle. Tie long hair securely behind your head. 


Keep hands and other objects clear of the radiator fan blades. 


The recommendations and suggestions contained in this manual are made to assist the dealer 
in improving his dealership parts and/or service department operations. These recommendations 
and suggestions do not supersede or override the provisions of the Warranty and Policy Manual, 
and in any cases where there may be a conflict, the provisions of the Warranty and Policy 
Manual shall govern. | 


The descriptions, testing procedures, and specifications in this handbook were in effect at the 
time the handbook was approved for printing. Ford Motor Company reserves the right to 
discontinue models at any time, or change specifications, design, or testing procedures without 
notice and without incurring obligation. Any reference to brand names in this manual is intended 
merely as an example of the types of tools, lubricants, materials, etc. recommended for use. 
Equivalents, if available, may be used. The right is reserved to make changes at any time without 
notice. 


Copyright © 1986 Ford Motor Company 


HOW TO STUDY AND USE THIS TRAINING MANUAL 


This manual is designed to help you understand exactly how emission controls work. . .50 
that you can diagnose them properly when they don't work. It is arranged so you can 
locate information easily. . .and study it at your pace. 


ο For an introductory summary, read Section 1 and the introduction pages of Sections 
2 through 6. 


ο For “How It Works" information, read the pages with blue headings. 

* For "What Can Go Wrong" (Diagnosis Principles), read the pages with red headings. 
* For Testing methods, read the pages with green headings. 

TO LOCATE INFORMATION... 

* USE BLACK THUMB INDEX WITH TABLE OF CONTENTS TO GET TO A SECTION 


ο WITHIN A SECTION, USE THE BLUE, RED AND GREEN THUMB INDEX TO LOCATE 
MAIN SUBJECTS 


IMPORTANT: THE DIAGNOSTIC AND TESTING INFORMATION IN THIS COURSE IS 
GENERAL IN NATURE AND IS INTENDED FOR TRAINING PURPOSES. FOR MORE 
DETAIL AND FOR SPECIFIC PROCEDURES FOR VEHICLE AND MODEL YEAR, REFER 
TO SHOP MANUAL VOLUME H. 


COLOR CODES AND GRAPHICAL SYMBOLS 


ο Standard graphical symbols, as found on emission decals, are used in all vacuum 
schematics. They are generally arranged as they appear on the engine used as an 
example. (Other engines may use the same systems with components arranged 
differently.) 


Functional (operating) “schematics” are presented with cross-section/pictorial views 
of components as needed to explain how they work. 


Color codes are used in the diagrams are standard in most of the book; and conform to 
the chart on the back of this page. (In a few places, special codes are needed to 
distinguish systems or conditions. Special codes are identified clearly on the affected 
pages only.) 


COLOR KEY FOR SCHEMATIC DIAGRAMS 


STRONG VACUUM L] WEAK VACUUM 


MODERATE VACUUM [3] EGR CONTROL CHAMBER 


VACUUM/PRESSURE 
ATMOSPHERIC PRESSURE 


=) VENT AIR FLOW 


AIR UNDER PRESSURE 
(THERMACTOR) => — AIR FLOW 


EXHAUST BACKPRESSURE Ф —* EXHAUST GAS FLOW 


AIR-FUEL MIXTURE — FUEL VAPOR FLOW OR 
BLOWBY GAS FLOW 


GRAPHICAL SYMBOLS FOR COMPONENTS 
DESCRIBED IN THIS HANDBOOK 


in alphabetical order by symbol code letters 


VACUUM BOWL 
AIR CLEANER N PCV FLOW VENT VALVE OR 
BI-METAL CARBON CANISTER CONTROL VALVE VACUUM/THERMO. 
SENSOR BOWL VENT 
š VALVE 


COLD WEATHER CANISTER CANISTER 
MODULATOR PURGE PURGE VACUUM CHECK 
(IN AIR SOLENOID CONTROL VALVE 

CLEANER) VALVE 


AIR INLET BACKPRESSURE 
DOOR VACUUM DISTRIBUTOR VARIABLE 
MOTOR (ON (VACUUM TRANSDUCER PORTED VACUUM 
SNORKEL) ADVANCE) (BVT) этен (РУ$) 


3-PORT 


THERMACTOR FUEL FUEL-VACUUM 
AIR CONTROL CHARGING SEPARATOR 
VALVE ASSEMBLY 


4-PORT 


THERMACTOR AIR SOLENOID 
BYPASS VALVE EXHAUST VACUUM VACUUM DELAY 
(DIFFERENTIAL GAS VALVE VALVE 
WITHOUT VACUUM RECIRCULATION VALVE (NORMALLY 

VENT) CLOSED) 


SOLENOID 
Mosen ELECTRONIC VACUUM VACUUM RETARD 


VACUUM VALVE DELAY 
VACUUM VENTI s REGULATOR (NORMALLY VALVE 
OPEN) 


HAUST 
THERMACTOR ТОТ 
DIVERTER HEAT CONTROL FUEL 


RESERVOIR 
VALVE BOWL 
VALVE SOLENOID 


THERMACTOR THERMACTOR 

AIR BYPASS IDLE TEMPERATURE 
VALVE (NON- VACUUM VACUUM VACUUM RESTRICTOR 
DIFFERENTIAL) VALVE SWITCH 


BACKPRESSURE 


LOAD CONTROL THERMAL VACUUM 
VALVE BOWL VENT REGULATOR 
VARIABLE TRANSDUCER (WOT VALVE) VALVE VALVE 


MANIFOLD THERMACTOR VACUUM 
VACUUM IDLE VACUUM VENT 
CARBURETOR FITTING VALVE VVVACOR VALVE 
VACWV-D 
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INTRODUCTION TO EMISSION CONTROLS 
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ENGINE VACUUM SOURCES 

CONVENTIONAL VACUUM CONTROL SYSTEMS 

EEC VACUUM CONTROL SYSTEMS 
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MANIFOLD HEAT CONTROL VALVES 
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EXHAUST GAS RECIRCULATING (EGR) SYSTEMS 
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CLOSED-LOOP ELECTRONIC CONTROL EGR SYSTEMS 
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SPARK ADVANCE SYSTEMS 
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EEC SPARK CONTROL 


DRIVEABILITY DIAGNOSIS 
SYMPTOM ORIENTED DIAGNOSIS 
DIAGNOSIS ROUTINES SUMMARIES 
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INTRODUCTION TO EMISSION CONTROLS 


EMISSION CONTROL IS HIGH TECHNOLOGY — 


The incorporation of the closed crankcase vent (PCV) system in 1961 to replace the road draft tube ushered in 
the era of high technology in gasoline engine controls. The need to control the substances emitted from the engine 
exhaust, fuel system and crankcase for the most part required recirculating various vapors and gases to the engine 
intake. This, or course, affected the air-fuel mixture. And what affects air-fuel mixture affects engine performance, 
idle quality and fuel consumption. 


INTEGRATED CONTROL OF ENGINE OPERATION 

As more refined emission controls have been added; the very design of engine control systems has required 
integration of all engine controls: primary air, carburetion (or fuel injection), ignition timing and various emission 
controls into calibration "packages" that would meet government standards for “clean air" operation and fuel 
economy; while still giving the operator good performance. This evolution has practically forced the use of electronic 
engine controls, which combine closed-loop fuel control with various other controls to meet the need of modern 
engine operation. Indeed, electronic engine control is probably more emission control than it is performance or 
economy control. So as emission controls have progressed, technology has exploded. Today's automobile technician 
has become a "high tech" technician. 


CONTROL BY ENGINE MODE 

Part of the challenge of emission controls has been "blockout" or "engine mode" control. They cannot operate 
whenever the engine is running; but only when the operating mode will allow the engine to accept extra air and 
other gases. This has been accomplished by various control devices that generally operate from engine vacuum. 
This first section, then, must briefly review engine vacuum sources and control devices; and introduce the subject 
of electronic engine controls. 


VEHICLE EMISSIONS AND 
HOW THEY ARE CONTROLLED 
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ENGINE VACUUM 
SOURCES 
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NON-ELECTRONIC 
VACUUM CONTROL 
SYSTEMS 
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ELECTRONIC CONTROL 
OF ENGINE EMISSION 
AND FUEL SYSTEMS 
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1. INTRODUCTION 


KINDS OF EMISSIONS THAT ARE BEING CONTROLLED 


The three kinds of emissions being controlled 
in gasoline engines today are: 


1. Unburned Hydrocarbons or HC. These are 
particles, usually vapors, of gasoline that has not 
been fully burned. They are present in the exhaust 
and in crankcase vapors. Of course, any raw gas that 
evaporates out of the tank or carburetor is classed 
as HC. 


. Carbon Monoxide or CO is a poisonous chemical 
compound of carbon (part of gasoline and oxygen 
from the air). It forms in the engine when the fuel 
burning (combustion) is less than complete. CO is 
found in the exhaust principally, but may also be in 
the crankcase. 


. Oxides of Nitrogen or NOx (sometimes pronounced 
"nox"). Various compounds of nitrogen and oxygen, 
both present in the air used for combustion, are 
formed in the cylinders during combustion and are 
part of exhaust gas. They become part of the tailpipe 
emissions if not "reduced" in the exhaust system. 


EMISSION CONTROL SYSTEMS 

POSITIVE CRANKCASE VENTILATION (PCV). First used in the early 1960's, the PCV system removes gases 
that "blow by" the pistons into the crankcase. Originally, these gases (HC, CO and NOy) were vented to the 
air by a road draft tube. Now, they are recirculated to the induction system. See Section 3. 


SECONDARY AIR (THERMACTOR). Thermactor systems appeared in the mid 60's. Their function is to put 
fresh air into the exhaust to reduce HC and CO to harmless water vapor and carbon dioxide by chemical 
(thermal reaction) with oxygen in the air. In the 70's catalytic converters were added to help this process. 
Some catalysts now reduce NOx as well as HC-CO. See Section 5. 


ІМСО (IMPROVED COMBUSTION) SYSTEM. IMCO appeared in the 60's as a group of engine modifications 
designed to improve combustion and reduce HC-CO in the exhaust. It included a heated primary air system, 
carburetor design changes, engine "breathing" refinements and some spark timing controls. See Sections 
2 and 6 for systems on current engines that "grew" out of IMCO. 


EVAPORATIVE CONTROL SYSTEMS. In the 60's evaporative control systems were used to trap raw gas 
vapors in the fuel tank (and later carburetor bowl) and route them to the air cleaner when the engine ran. 
In the 70's the system was refined to a "sealed housing" system to control emissions better and purge them 
to the intake manifold in specific engine modes. See Section 3. 


EXHAUST GAS RECIRCULATING (EGR) SYSTEMS. EGR is strictly a control for NOx in the exhaust gases. 
It reduces NOy by diluting the air-fuel mixture with some exhaust gas, which doesn't burn. This reduces peak 
combustion chamber temperature, so less NOx is formed. See Section 4. 
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Vacuum Supply 1. INTRODUCTION 


ENGINE VACUUM SOURCES 

Most emission control devices have some kind of engine vacuum control. These controls are used to block 

out the operation in certain operating modes. 

• Systems that put air or fuel vapors into the air-fuel induction system do not operate at idle, when the engine 
is cold, and sometimes when the intake air is cold. The exception is PCV, which operates whenever the 
engine is running. 

ο EGR systems are usually blocked out at idle, since mixture dilution then causes rough idle. They have 
various controls to vary the gas flow in other modes. 

ο Thermactor (secondary air) systems are usually blocked out from the exhaust when it is rich (idle, 
deceleration, cold engine, WOT, etc.) to prevent backfire and damage to the catalysts. 


The control devices used are principally vacuum diaphragms. Engine vacuum from various sources is 
Switched on or off to the diaphragms. The switching devices can be in the air cleaner (controlled by inlet 
air temperature); in the water jacket (controlled by coolant temperature) or incorporated into solenoids that 
are controlled by the ECA (electronic control assembly). 


The principal sources for the vacuum muscle are manifold vacuum, spark port or “S” vacuum and "E" 
port (EGR) vacuum. “S” and "E" vacuum sources are used to lock out certain systems at curb idle, when 
they are essentially zero. Venturi vacuum is used only occasionally. 


THROTTLE BODY @)_venruri vacuum 
* WEAK OR ZERO AT 
CRUISE OR IDLE 
* STRONG AT WIDE 


OPEN THROTTLE 


(3) EGR VACUUM 
* ZERO AT CLOSED THROTTLE 
* STILL ZERO WHEN 
“S” VACUUM IS ON 
* EQUAL TO MANIFOLD 


POSTITION WHEN “S” AND "E" 
VACUUM ARE “ОМ” 


THROTTLE THROTTLE PLATE 
OPENING (CLOSED POSITION) 


(1) MANIFOLD VACUUM 
* AVAILABLE WITH ENGINE 
RUNNING 


(2) SPARK PORT VACUUM 


* NO VACUUM AT 


CLOSED THROTTLE 


° STRONGEST AT CLOSED 
THROTTLE 


e GRADUALLY WEAKENS 
* EQUAL TO MANIFOLD AS THROTTLE OPENS 
VACUUM OFF IDLE 
* BUT STAYS STRONG IF 
* ORIGINALLY USED TO CONTROL THE CHOKE IS CLOSED 
“SPARK” VACUUM TO DISTRIBUTOR 
ADVANCE DIAPHRAGM 
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ο Schematic illustrates 2.3 liter HSC on 1986 car. 
e Vacuum controls are explained in Sections 2-6. 


Refer to the key numbers on the schematic on the facing page for these typical vacuum control functions: 


air...and... 

Switches sense coolant temperature.) 
out with a cold engine. 

out at closed throttle. 

(MAN VAC) source. . .and 


temperature and can bleed vacuum off. 


SEE CTP-1983-6 FOR MORE INFORMATION 


e The above are typical emission devices vacuum 
control systems. They are not the same for all non- 
electronic engines. 


Refer to the Technician's Reference Booklet 
0901-050, HOW TO READ AND UNDERSTAND 
VACUUM DIAGRAMS (CTP-1983-6), for a fuller 
understanding of these systems. 
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|) Vacuum to the diaphragm of the Thermactor air bypass valve is controlled by. . . 
) Air cleaner cold weather modulator (A/CL CWM), which blocks out operation with cold inlet 


The EGR ported vacuum switch (VCV), which blocks out operation with a cold engine. (Ported vacuum 
Vacuum to the EGR diaphragm is also controlled by the ported vacuum switch (9), so EGR is locked 
Source vacuum for both EGR and Thermactor control is carburetor "E" port. Thus both are blocked 
Vacuum to the air cleaner heat door vacuum motor (A/CL DV) diaphragm is from a manifold vacuum 
Is controlled by a bi-metal sensor in the air cleaner. This sensor (A/CL BI MET) senses inlet air 


Vacuum to the distributor advance diaphragm is from a manifold vacuum source on this engine. 


TECHNICIAN'S REFERENCE BOOK 


HOW TO READ AND UNDERSTAND 
VACUUM DIAGRAMS 


Ford Parts and Service Division 


Training and Publications Department 


Vacuum Supply 1. INTRODUCTION 


TYPICAL VACUUM CONTROL FUNCTIONS FOR EMISSION DEVICES 
e° Schematic is same as engine emissions decal. 
* Color codes not same as on engine hoses. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
3 


A/CL 
BI MET 


THERMACTOR BYPASS VACUUM 


FRONT OF VEHICLE 


EGR VALVE CONTROL VACUUM 


AIR CLEANER HEAT DOOR VACUUM 
DISTRIBUTOR ADVANCE DIAPHRAGM VACUUM 
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INTRODUCTION Vacuum/Electronic Control 


ELECTRONIC ENGINE CONTROL OF EMISSION SYSTEMS 


ο Engine operating information comes from input sensors; does not use air cleaner or coolant sensing 
vacuum switches. 
e ECA controls engine functions and various emission devices. 


Closed Loop Fuel Control 


Regulates air-fuel mixture to 14.7-to-1 ratio in cruise operation for complete burning. This reduces HC- 
CO and improves fuel economy. 


See schematic on next page for typical system. 


Principal inputs for fuel control and emission control information are manifold pressure, throttle position, 
engine coolant temperatrue and inlet air charge temperature. 


(2) The ECA operates a feedback control solenoid, stepper motor or injection solenoid(s) to control fuel flow. 


(8) The exhaust gas oxygen sensor "feeds back" the richness or leanness of the exhaust so the ECA can 
adjust fuel delivery. 


NOTE: Closed loop operation is for cruising mode of a warm engine. The ECA provides varying 
enrichment in other modes. 


ECA Control of Emission Devices/Systems 


° Depends on same engine input signals @ as fuel control. 


Blocks out or operates Thermactor, EGR, evaporative fuel system purge, manifold heat valve, depending 
on engine calibration and equipment. 


e Controls are typical: not on all EEC engines. 


(4) Thermactor solenoids (ТАВ апа ТАР) control secondary air to exhaust, catalyst or atmosphere, depending 
on engine mode. 


(5) EGR solenoids (EGRV, EGRC) control strength (or on-off) of vacuum to EGR valve to control flow volume 
or blockout, depending on engine mode. Some EEC engines use an electronic vacuum regulator (EVR) 
instead of two solenoids. 


(6) ECA also controls timing of the spark signal to the emission module for improved combustion and fast 
warmup. 


@ Most EEC engines have closed loop EGR valve control. An EGR valve position sensor (or a pressure 
sensor) tells the ECA how much EGR gas is flowing. The ECA can then adjust flow to the operating 
mode through the EGRV, EGRC solenoids (@) or EVR. 
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Vacuum/Electronic Control 


1. INTRODUCTION 


TYPICAL EEC ENGINE FUNCTIONS FOR CLOSED LOOP FUEL CONTROL 
AND EMISSION CONTROLS 
* 23 liter HSC with feedback carburetor shown 
* Explanations on preceding page 


ο Vacuum schematic on following page 


DISTRIBUTOR 


Num — MANIFOLD 


= = (MAP) SENSOR 
PORTION (TP) 
NSOR 
C Юл VALVE 

[ea IEVP) 
7—89 COOLANT 

TEMPERATURE 

(ЕСТ) SENSOR 

TEMPERATURE 


INPUTS 


FROM AC 
COOLING FAN B——_, 


CONTROLLER 


PROFILE IGNITION 


ABSOLUTE 
PRESSURE 


(АСТ) SENSOR 


EXHAUST GAS 
OXYGEN (EGO) 
SENSOR 


OP 
SELF TEST SWITCH (MTX ONLY) 


OUTPUT (STO! 
CONNECTOR TO ALTERNATOR 
STATOR TERMINAL 


TO TACH TERMINAL 
ON COIL 


SELF TEST 
INPUT (STI) 


CONNECTOR 


(SIGNAL RETURN) 


κ 


(REFERENCE VOLTAGE) 


PRINCIPAL 
ENGINE CONTROL INPUTS 


CLOSED LOOP FUEL 
RATIO FEEDBACK SIGNAL 


Ë J FUEL CONTROL OUTPUT 


IGNITION 


OUTPUTS 


SWITCH 


ELECTRONIC 
CONTROL 
ASSEMBLY 
(ECA) 
SOLID-STATE 


BATTERY @ 


ENGINE 
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TOAC 
COOLING FAN 
CONTROLLER 


THERMACTOR AIR 
BYPASS (TAB) SOLENOID 


THERMACTOR AIR 
DIVERTER (TAD) SOLENOID 


Еа 


THROTTLE KICKER 
SOLENOID (TKS) 


EGR CONTROL pj 
(E 
SOLENOID 


EGR VEN 
ө TEGRV) 


SOLENOID 


CONTROL 


r 


EMISSION SYSTEMS 
VACUUM SOLENOID 
VALVES OUTPUTS 


SPARK CONTROL 
OUTPUT 


EGR CLOSED LOOP 
FEEDBACK SIGNAL 


INTRODUCTION Vacuum/Electronic Control 


TYPICAL VACUUM CONTROL FUNCTIONS FOR EEC ENGINE EMISSION CONTROLS 


ο 23 liter HSC with feedback carburetor shown 
* Color codes are not same as on engine decals 


FRONT OF VEHICLE @ 
FUEL BOWL VENT | THERMACTOR BYPASS VACUUM 
CANISTER PURGE ΕΕ. EGR VALVE CONTROL VACUUM 


THERMACTOR P=] AIR CLEANER HEAT DOOR VACUUM 
DIVERTER VACUUM 


@ AIR CLEANER DOOR Ө EGR SOLENOIDS (EGRV, EGRC) 
VACUUM MOTOR 

@ FUEL BOWL VENT (BV) @ Ear valve 
AND VALVE (SV-CBV) 

@ THERMACTOR AIR CONTROL @ CANISTER PURGE SHUTOFF 
VALVE (ACV) VALVE (CSOV) 

@ THERMACTOR SOLENOIDS 
(TAB, TAD) 
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*SIDE OF VALVE TO ACTUATOR DIAPHRAGM. OTHER SIDE IS ALWAYS BLACK OR WHITE. 


(GREEN OR BLUE | 1030 four Т $5 GHEEN ἵ BOF 
[D MARAE [| m AR |. RED | er | 


BLUE 550 F 
GREEN 769 F 
BLACK 35° F 


YELLOW 


WHITE 76° F 509 F 
BROWN 30° F 159F 
PURPLE 55° F 409 Е 


RED 659 F 509 F 
GOLD 550 Е 409 F 


BROWN 
PURPLE, BLACK 1-5 IN. HG. 


GREEN, YELLOW 1059 F 
PINK 4-9 IN. HG. 
BLUE Eu EEUU MEUS 
**WITH 16 IN. HG. APPLIED TO SOURCE SIDE AT BLEED TEMPERATURE 
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1. INTRODUCTION Vacuum Control 


IDENTIFICATION CODES (CONT'D) 


VACUUM 
RESTRICTORS 
(VREST) 


VACUUM CHECK 
VALVES (V CK V) 


VACUUM 
REGULATOR 
VALVES (VRV) 


IDLE VACUUM 
VALVES (IVV) 


COMBINATION AIR 
BYPASS AND 
DIVERTER VALVES 
(ACV) 


"Air bleed is to outlet A (Tube Seat) opposite the diverter diaphragm or to outlet B (at 
90 degrees to diverter valve). 
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Section 2 


AIR TEMPERATURE CONTROLS 


Warm combustion air improves the vaporization of the fuel in the carburetor, fuel injection body or intake 
manifold. This makes more of the fuel burn; therefore reduces HC and CO emissions in the exhaust. There 
are three different systems used on various gasoline engines to heat the inlet air and/or the air-fuel mixture. 


HEATED AIR 

INLET CONTROL 

* USED ON ALL CARBURETED AND CENTRAL FUEL 
INJECTION ENGINES 

ο ORIGINATED WITH IMCO EMISSION CONTROL 
SYSTEM 

ο SEE PAGE 2-2 


MANIFOLD HEAT 
CONTROL VALVES 
* USED ON ENGINES 

WITH MANIFOLD HEAT RISER 
* SEE PAGE 2-13 


THERMOSTAT VACUUM/PVS 
CONTROLLED CONTROLLED 


EARLY FUEL 
EVAPORATION (EFE) 
HEATER 

* USED ON 1.9 LITER ENGINES 
* SEE PAGE 2-20 
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2. AIR TEMPERATURE CONTROLS Heated Air Inlet 
HEATED AIR INLET CONTROL 


HOW IT WORKS 
A heated air inlet control is used on gasoline engines with carburetion or central fuel injection. It is not used 
with turbo-charging or ported fuel injection. 


This system controls the inlet air temperature on the way to the carburetor or fuel injection body. By warming 
the air as necessary, it reduces HC and CO emissions by improved fuel vaporization and faster warm-up. 


The principal components and functions for a conventional air cleaner system are: 


Heated Air Inlet Duct. Directs air that has been warmed by the heat stove (shroud) on the intake manifold 
to the snorkel of the air cleaner. 

Air Inlet Door Vacuum Motor. Controls a flapper door inside the snorkel to admit manifold heated air 
or fresh air (or a mixture of both) into the air cleaner. 

Air Cleaner Bi-Metal Sensor. Regulates vacuum to the vacuum motor to determine the position of the 
air door. It is sensitive to air cleaner temperature. 

Cold Weather Modulator (CWM). Traps vacuum to the motor if manifold vacuum drops off due to throttle 
opening while the air cleaner is cold. 


AIR INLET FILTER AIR CLEANER BI-METAL SENSOR 
а: 
I CARBURETOR 


COLD WEATHER AIR CLEANER 


MODULATOR 


AIR INLET DOOR l | fox 2 MANIFOLD 
VACUUM MOTOR ~N ' | νε VACUUM 
| = / FITTING 


HEATED AIR 
INLET DUCT 


HEAT STOVE (SHROUD) 
ON EXHAUST MANIFOLD 


FRESH AIR 
INLET DUCT 


TYPICAL SYSTEM WITH CONVENTIONAL AIR CLEANER AND 
COLD WEATHER MODULATOR CONTROL (1.9 LITER) 
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Heated Air Inlet 2. AIR TEMPERATURE CONTROLS 


OPERATING SEQUENCE 


The air cleaner bi-metal sensor is installed in the air cleaner body (or air horn); so that it senses the air cleaner 
temperature. Depending on the calibration, the sensor can be set to operate at 75 degrees F., 90 degrees 
or 105 degrees. It is what controls the operating modes shown below. 


COLD START-UP 


* Strong Manifold Vacuum 


* Engine at fast idle (2) COLD WEATHER 
(3) MOTOR HAS MODULATOR (CWM) IS COLD 
FULL VACUUM FILTER 


(4) AIR DOOR PULLED 
TO CLOSED POSITION 


MANIFOLD 
CARBURETOR 
(5) FULL HEATED AIR TO INLET VACUUM 


(1) BI-METAL ^ 
SENSOR IS | ЦЕАТЕР 


š AIR 
COLD FLOW 


MODULATING PARTIAL WARMUP 
e Strong to moderate vacuum 
* Air cleaner temperature near setting 


(2) CWM WARM 
(3) MOTOR HAS REDUCED AND OPEN 


FILTER (1) WARM BI-METAL 
STARTS TO 

: — BLEED VACUUM 

FRESHAIR — $ 5 


VACUUM 


(4) DOOR IS PARTLY OPEN 


MANIFOLD 
CARBURETOR VACUUM 


(5) FRESH AIR AND 
HEATED AIR MIXED 


NOTE: System usually modulates in cold ambient air conditions 


HOT ENGINE/HOT AMBIENT AIR 
* Strong to moderate vacuum 
* Air cleaner above temperature setting 


(3) CWM WARM AND OPEN (1) BI-METAL IS HOT 
FILTER 


MANIFOLD 
()AIR DOOR CARBURETOR VACUUM 
OPENS TO 
FULL FRESH 
AIR 
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2. AIR TEMPERATURE CONTROLS Heated Air Inlet 
ου ο ——————————M r Waaa Њинд 


CONVENTIONAL AIR CLEANER with RETARD DELAY VALVE 


Some vacuum control systems use a retard delay 

valve instead of a cold weather modulator. The SUE 
difference is that the retard delay valve traps the : 

vacuum for a few seconds when the throttle opens. 


Its function is the same, to prevent a change in the 
air door position if vacuum drops off because the 
throttle opens. 


VACUUM 
MOTOR 


HEATED AIR 
TYPICAL 5.0 LITER CFI INLET 


REMOTE AIR CLEANER 

With a remote air cleaner, the functions are the same. The components are located differently. 

ο The bi-metal sensor is in the air horn assembly. 

ο The air inlet door vacuum motor and door are in the air cleaner assembly instead of the 
inlet snorkel. 


REMOTE AIR 
AIR CLEANER TO CLEANER 


AIR HORN DUCT 
AIR BI-METAL ASSEMBLY 
HORN SENSOR 
ASSEMBLY 


FRESH AIR 
INLET DUCT 


AIR DOOR 
VACUUM MOTOR 


TYPICAL 2.3 LITER HSC WITH FEEDBACK CARBURETOR 
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Heated Air Inlet 2. AIR TEMPERATURE CONTROLS 


AIR CLEANER BI-METAL SENSOR OPERATION 


The bi-metal sensor is installed in the air cleaner body. It senses SENSOR 
air cleaner temperature and starts to bleed off vacuum near its 

setting. The sensing element is a bi-metal spring, which is linked 

to a sensing valve. 


There are several temperature settings available. The sensor is 

calibrated to provide a specific output vacuum to the air door motor 

as it warms to its temperature setting. The calibration is based on 

16 inches of source vacuum. 

When vacuum starts to bleed off, the reduced vacuum allows the ке M 
air door motor to modulate; that is, to mix fresh air with heated 

air to maintain the calibrated air temperature. 


COLD OPERATION 
° Sensor temperature is colder than bleed temperature 


SENSING BI-METAL 

VALVE SENSING 

CLOSED SPRING 
IS COLD 


AIR DOOR FULL VACUUM 
VACUUM MOTOR OUTPUT 


MANIFOLD 
ORIFICE VACUUM 


HEATED AIR 
FLOWS TO AIR 
CLEANER 
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2. AIR TEMPERATURE CONTROLS Heated Air Inlet 


AIR CLEANER BI-METAL SENSOR OPERATION (CONT'D) 
BLEED (MODULATING OPERATION) 


* Air cleaner is warm but not up to temperature setting 
* Part of the source vacuum is bled off 


(3) vacuum 
BLEEDS 


(2) seNsING BI-METAL 
VALVE SENSING 
PARTLY SPRING 
OPEN WARNING 


(4) REDUCED VACUUM 


VACUUM MOTOR TO MOTOR 


MANIFOLD 
VACUUM 


ORIFICE 
PREVENTS 


MIXED FRESH AND SOURCE 
HEATED HEATED AIR FLOWS VACUUM LOSS 


AIR IN 


HOT AMBIENT AIR/HOT AIR CLEANER 


* Above temperature setting 


ALL VACUUM (1) BI-METAL 

BLED OFF SENSING 
SPRING 
IS HOT 


(3) MoTOR OPENS 
AIR DOOR 


MANIFOLD 
VACUUM 


(5) ORIFICE 


PREVENTS 
SOURCE 
VACUUM LOSS 


(4) FULL FRESH AIR 
TO AIR CLEANER 
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Heated Air Inlet 


VACUUM CONTROL SYSTEMS 


AIR TEMPERATURE CONTROLS 


The vacuum control systems for heated air inlet control differ only in the device used to prevent a low vacuum 
condition from overriding the temperature control. They are illustrated here with the graphical symbols used 


on the emission decal schematics. 


RETARD DELAY 
VALVE CONTROL 
SCHEMATIC 


AIR CLEANER 
DOOR 
VACUUM 
MOTOR 


COLD WEATHER 
MODULATOR 
CONTROL 
SCHEMATIC 


MAN 
A/CL VAC 


ο. BI-MET 


CWM 


SOURCE IS 
COLD WEATHER MANIFOLD VACUUM 


MODULATOR SENSOR 


RETARD DELAY 
VALVE 


A/CL 
BI-MET 


HOW THE RETARD DELAY VALVE PREVENTS LOW-VACUUM OVERRIDE OF THE 


AIR DOOR CONTROL 


* The retard delay valve contains an umbrella type check valve and a sintered steel restrictor to delay 


release of vacuum. 


* The valve is color-coded to indicate the release delay time. 


TO APPLY VACUUM 


WHITE 
RESTRICTOR  sipg 


CODED SIDE 
DIAPHRAGM 


WHEN SOURCE VACUUM DROPS 


(2) RESTRICTOR DELAYS 


SOURCE 
VACUUM 

APPLIES 

HERE ' DROPS; AIR 


ENTERS TO 
VENT 


DIAPHRAGM FILTER 
COLOR 
CODED SIDE 


PAGE 2-7 


2. AIR TEMPERATURE CONTROLS Heated Air Inlet 


HOW THE COLD WEATHER MODULATOR PREVENTS LOW-VACUUM OVERRIDE 
OF THE AIR DOOR CONTROL 


° To connect as a vacuum trap, the large (center) port goes to the diaphragm 


side; small port to source. 
° Can also be used as a TVS (temperature vacuum switch). 


TO BI-METAL SENSOR 
AND VACUUM SOURCE TO AIR DOOR 
VACUUM MOTOR 


COLD START OPERATION O-RING SEAL 
COLD WEATHER MODULATOR 
BI-METAL MODULATOR 
BI-METAL SEATS. D 
VACUUM MOTOR 


(5) VALVE OPEN FOR FULL HEAT 


MANIFOLD VACUUM IS (BLOCKS FRESH AIR INLET). 


HIGH (ABOVE 8 INCHES). 


CHECK VALVE OPENS. 
(3) FULL VACUUM HEATED AIR FROM HEAT SHROUD 


TO MOTOR 


ACCELERATION (MODULATOR TEMPERATURE BELOW 55° F.) 
O-RING SEAL 


BI-METAL 
REMAINS SEATED. 


VALVE STAYS ON FULL HEAT 
(BLOCKS FRESH AIR INLET). 


(1) MANIFOLD VACUUM IS 
LOW (BELOW 8 INCHES). 


(2) CHECK VALVE SEATS. 
HEATED AIR FROM HEAT SHROUD 


WARM ENGINE (MODULATOR TEMPERATURE ABOVE 559? F.) 


O-RING SEAL X) CONTROLLED 
ΤΊ! VACUUM VALVE CLOSES TO ALLOW 


y (9 на TO MOTOR. ENTRY OF FRESH AIR. 


= 


© MANIFOLD VACUUM o a, 
(ABOVE 8 INCHES. | (6) NORMAL TEMPERATURE CONTROL 


CHECK VALVE s 
REMAINS SEATED. HEATED AIR FROM HEAT SHROUD 
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Heated Air Inlet 2. AIR TEMPERATURE CONTROLS 


WHAT CAN GO WRONG (DIAGNOSIS PRINCIPLES) 


Heated inlet air was originally an Improved Combustion (IMCO) emission control. By improving combustion 
however, it also can improve fuel mileage and engine performance. 


In a modern gasoline engine, of course, emission controls that have any effect on the mixture necessarily 


have an effect on driveability; since all the systems are calibrated to operate as one integral system. 


Problems with the heated air inlet fall into these groups: 


1. Obstructions to air flow, causing hard starting, performance problems and poor fuel economy. 

2. Vacuum loss, causing cold driveability problems; since the system goes to full fresh air. 

3. Air leaks which "bypass" the control and usually cause cold driveability problems. 

4. Failure of the vacuum trap (CWM or retard delay valve) can cause stumble on cold acceleration; because 
the engine suddenly gulps in cold air. 

5. Failure to switch to fresh air can overheat the mixture and cause warm driveability problems and detonation. 


Here is a summary of diagnosis principles: 


IN THESE CONDITIONS 
Debris in snorkel or air door 
Collapsed air duct 
Dirty air filter 


Vacuum leak 

Bi metal stuck in bleed-off 
Vacuum motor diaphragm leak 
Air door stuck open 


Heated air duct leaking or not 
installed 

Air cleaner not sealed tight 

Broken or leaking duct or air cleaner 


Air door stuck open 
Sensor fails to bleed off when it 
warms 


Check valve leaks in cold weather 
modulator 
Retard delay valve leaks 


THE RESULT IS 
Restricted air flow 


Fresh air only is available (no heated 
air) 


Fresh air leaks into system (some or 
no heated air) 


Too much heated air; no fresh air 


No vacuum trap to air door motor (at 
full throttle) 
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THE SYMPTOM CAN BE 
Cranks normal and starts hard 
Hesitates or stalls on 

acceleration 
Lack of power 
Poor fuel economy 


Hesitates on cold acceleration 
Lack of power 
Poor fuel economy 


Warm driveability problems in cold 
ambient air conditions 


Lack of power in warm engine 
May overheat 
May detonate 


Poor acceleration cold 
Hesitates or  stumbles on 
acceleration 


AIR TEMPERATURE CONTROLS Heated Air Inlet 
—————MMM————H 


SYSTEM INSPECTION AND PERFORMANCE TEST 


. Apply the parking brake and block the wheels. 


. Remove the air cleaner cover and element. Inspect the heated air duct for proper installation and/or damage. 
Service as required. 


. Remove components as necessary to ensure that the duct door is in the open to fresh air position. If the 
door is in the closed to fresh air position, check for binding and sticking. Service or replace as required. 


4. Check the vacuum source and integrity of the vacuum hoses to the bi-metal sensor, CWM and vacuum motor. 
NOTE: The ambient air must be at least 60 degrees F. for the following: 


5. Start the engine. If the duct door has moved to the “heat on" position (closed to fresh air) go to Step 7. 
If door stays in "heat off" position (closed to warm air), place a finger over the bleed of the bi-metal sensor. 
The air duct door must move rapidly to the “heat on" position. If the door does not fully move to the “heat 
on" position, stop the engine and test the vacuum motor. Repeat this step with a new vacuum motor. 


. With the engine off, cool the bi-metal sensor and cold weather modulator (CWM) by spraying with liquid 
from a small can of refrigerant R-12 with an adapter ZRE-6271 or equivalent, for 20 seconds after the liquid 
contacts the sensor and CWM. 


CAUTION: Do not cool the bi-metal sensor while the engine is running. If refrigerant R-12 is drawn into 
the intake system while the engine is running, poisonous phosgene gas will be exhausted into the 
test area. Perform this test only in a well-ventilated area. 


Restart the engine. The air duct door should move to the "heat on" position. If the door does not move or 
moves only partially, replace the sensor. Cool the CWM and bi-metal sensor. 


7. Start and run the engine briefly (less than 15 seconds). The duct door should move to the "heat on" position. 


8. Shut off the engine and observe the duct door: 
A. Vehicles with retard delay valve: Valve will return slowly to “heat off" position (10 to 30 seconds). 
B. Vehicles with CWM: Valve will stay in "heat on" position for at least 2 minutes. If less than 2 minutes 
replace CWM and repeat this Step after cooling CWM and bi-metal sensor. 


COLD WEATHER MODULATOR (CWM) ECONOLINE, 


HEAVY DUTY TRUCK (ONLY) 
AIR CLEANER ASSY. (0380902 350000000 


BI-METAL SENSOR 


HEATED 
TO MANIFOLD AIR 
VACUUM 


HEAT SHROUD 
EXHAUST о_О 
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Heated Air Inlet AIR TEMPERATURE CONTROLS 
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HOW TO TEST THE AIR CLEANER BI-METAL SENSOR 


* Test in or out of air cleaner tray. 
e Must have specified vacuum output at both temperatures in chart. 
• Engine off before cooling with refrigerant. Wear goggles. 


(2) COOL WITH R12 - WARM 


IN OVEN OR IN 
WATER WITH @ suci 
THERMOMETER 


GAUGE TO 
OUTLET 


REPLACES SENSOR 
IF IT FAILS 

APPLY 16 INCHES EITHER TEST 
VACUUM 


HOW TO TEST THE AIR DOOR VACUUM MOTOR 


* Must pull in and stay in two minutes with vacuum trapped. 
* Must move out and open air door when vacuum is released. 


VACUUM 
VACUUM SOURCE 
MOTOR 


(2) OBSERVE STEM 
(1) APPLY 10-15" VACUUM AND TRAP, THROUGH FRESH 
THEN BLEED OFF AIR OPENING 


IN SNORKEL 


(4) THIS PASSAGE BLOCKED A 
AND STEM OUT WITH . (3) STEM IN AND THIS 
NO VACUUM PASSAGE BLOCKED 
WITH VACUUM 
APPLIED 
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AIR TEMPERATURE CONTROLS Heated Air Inlet 
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HOW TO TEST THE COLD WEATHER MODULATOR 
* Test in or out of air cleaner housing. 
* Engine off before cooling with R-12. Wear goggles. 


(2 COOL WITH R-12; 
“a ~~ THEN HEAT 
SMALL PORT • MUST HOLD 
OPEN VACUUM COLD 


(1) ATTACH VACUUM SOURCE * MUST RELEASE 


TO LARGE (CENTER) PORT VACUUM 
i ) ssp HOT 


APPLY 16 INCHES 
VACUUM AND 
TRAP 


HOW TO TEST THE RETARD DELAY VALVE 


ATTACH VACUUM 

GAUGE TO LARGE 

(COLOR SIDE) PORT 

(Т) ATTACH VACUUM SOURCE TO 
SMALL (WHITE) PORT 


(3) APPLY 10 INCHES 
VACUUM AND \ 


TRAP 6 


(4) CHECK THAT GAUGE 
READS 10 INCHES 


(5) OPEN BLEED VALVE TO RELEASE 


COUNT SECONDS IT TAKES TO 
DROP FROM 8 INCHES TO ZERO 
VACUUM. COMPARE WITH TABLE. 


REPLACE VALVE IF IT FAILS STEP 4 OR 5 
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Heated Air Inlet 2. AIR TEMPERATURE CONTROLS 
Heated ^ir Пе 


MANIFOLD HEAT CONTROL VALVES 


FUNCTION AND INSTALLATION 


The exhaust manifold heat control valve is used to route 
exhaust gases to warm the intake manifold heat riser 
when the engine is cold. This heats the air-fuel mixture 
in the intake manifold and improves vaporization. The 


result is reduced HC and CO emission in the exhaust. | 78 EXHAUST 
y HEAT 


5 CONTROL 
VACUUM OPERATED VALVE VALVE 


A vacuum operated valve is used on some V-8 engines. 
It is bolted between the left side exhaust manifold and 
exhaust pipe. The vacuum diaphragm is connected to 
manifold vacuum through a ported vacuum switch 
(PVS). On EEC-controlled engines, the vacuum system 
also includes an electric solenoid operated vacuum 
valve. 


THERMOSTAT OPERATED VALVE 


A thermostat operated valve is used on 49 liter, 6 THERMOSTAT 
cylinder engines. It has the same function as the COIL 
vacuum operated valve. 


It operates as follows: 


* Cold Engine: The thermostat closes the valve to 
block exhaust gas flow from the manifold. The gas 
is forced to flow up through the heat riser and then 
to the exhaust pipe. 


* Warm Engine: The thermostat opens the valve to a 
position that seals off the heat riser passage. Exhaust 
gases flow directly to the exhaust pipe. 
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2. AIR TEMPERATURE CONTROLS Heat Control Valves 
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HOW THE VACUUM OPERATED EXHAUST HEAT CONTROL VALVE WORKS 


The vacuum operated valve works as shown below: 
* When a cold engine starts, the valve is closed by intake manifold vacuum acting on the vacuum motor 


diaphragm. 
ο The valve stays closed until: 
1. The coolant PVS warms up and vents the vacuum; or 
2. Vacuum drops significantly due to throttle opening in acceleration. 


COLD START OPERATION © game meet ns ae 


TO DIAPHRAGM 
EXHAUST GASES FROM ENGINE 
VACUUM ACTS ON 
DIAPHRAGM IN MOTOR. 


TO MANIFOLD 
VACUUM 


TO EXHAUST SYSTEM 


(4) WITH VALVE CLOSED, EXHAUST 
GASES ARE BLOCKED AND 
DIVERTED TO HEAT RISER. 


(з) DIAPHRAGM PULLS LEVER TO 
CLOSE VALVE. 


WARM ENGINE (OR LOW VACUUM) OPERATION CG) exierit ο” 


EXHAUST GASES FROM ENGINE TO BLOCK VACUUM. 


TO MANIFOLD 
VACUUM 


/ 
VV x @ es 


(4) WITH VALVE OPEN, EXHAUST GAS > ; ⁄ VACUUM 


FLOWS THROUGH TO EXHAUST š š FROM 
SYSTEM. DIAPHRAGM 


(з) DIAPHRAGM RETURNS TO NORMAL 
POSITION TO OPEN VALVE. 
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Heat Control Valves 2. AIR TEMPERATURE CONTROLS 


VACUUM CONTROL SYSTEMS 


There are two vacuum control systems, depending on whether the engine is non-EEC or electronic controlled. 
They are shown here with the symbols that appear on the decal schematics; but without the actual hose routing. 


WITHOUT ELECTRONIC ENGINE CONTROL 


Manifold vacuum is connected to the top port of 

a 3-port PVS (ported vacuum switch). The PVS is HEAT 
labelled VCV (for vacuum control valve) on the CONTROL 
schematic. VALVE 


The top port is open to the center port and to the 
heat control valve (HCV) diaphragm when the PVS 
is cold. This closes the valve as illustrated on the 
preceding page. 


When the engine coolant warms, the PVS 
switches and opens the center port to the bottom 
port. Manifold vacuum is blocked at the PVS. 
Vacuum in the HCV motor is vented through the 
filter (FLT) on the PCV lower port. 


WITH ELECTRONIC ENGINE CONTROL 


If the engine has an EEC-III or EEC-IV electronic 
control, the top port of the PVS is connected to the 
* heat control valve. 


Manifold vacuum is connected to a normally closed 
solenoid vacuum valve (HT VLV SOL V). 
TO CANISTER 
When the solenoid is energized, vacuum is available PURGE 
to the center port of the PVS. 


The bottom port of the PVS is connected to the 
canister purge control. 


See next page for the operating sequence. 
SOLENOID 


VACUUM 
VALVE 
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2. AIR TEMPERATURE CONTROLS Heat Control Valves 


HOW THE ELECTRONIC CONTROL VACUUM SYSTEM WORKS 


COLD ENGINE 

ο Below 55° F. coolant (2) VACUUM OPEN (3) VACUUM FROM 
PVS TOP PORT 
TO HCV 


(1) ELECTRONIC CONTROL 
ASSEMBLY (ECA) ENERGIZES Í d (4) HEAT CONTROL 
SOLENOID ON COLD START-UP A.M. “To? VALVE (HVC) IS CLOSED 


SUPPLY 


TO MANIFOLD 
VACUUM 


WARM ENGINE 
* Coolant temperature above 100° F. 


(3) PVS OPEN TO 
HCV; BUT NO VACUUM 


(1) ECA DE-ENERGIZES 


SOLENOID 
(4) HEAT CONTROL 


er d ТЫР VALVE (НУС) HAS NO 
VALVE МЕ ) VACUUM AND IS 
a OPEN 


(2) VACUUM IS 7 
SUUM IS VACUUM 
BL SUPPLY PVS 


TO MANIFOLD WARMING 


VACUUM 


HOT ENGINE 
e Coolant temperature above 160° F. 


e Vacuum switched by warm PVS (2 vacuum (3) PVS HAS 
TO PVS SWITCHED 


(1) ЕСА ENERGIZES——>]} 
SOLENOID së; —4 (4) HEAT CONTROL 
1074 P < VALVE (HVC) STAYS OPEN 


г 


SUPPLY PVS 
TO MANIFOLD baag 


VACUUM 
VACUUM IS SUPPLIED 
TO CANISTER PURGE 
(SEE SECTION 3) 
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Heat Control Valves 2. AIR TEMPERATURE CONTROLS 
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WHAT CAN GO WRONG 


Because of its location, the exhaust heat control valve can stick if the shaft isn't serviced regularly with graphite 
lubricant or heat control solvent. Sticking closed can cause overheating, detonation and hot performance 
problems. Sticking cold can cause poor idle or poor performance cold. A vacuum loss usually causes the 
valve to fail closed, resulting in cold performance conditions. 


Here is a summary of possible problems: 
IN THESE CONDITIONS THE RESULT IS THE SYMPTOMS CAN BE 


Vacuum leak Valve stays open; Poor idle when cold 
PVS fails in warm position no heat to riser Uneven acceleration when cold 
Motor diaphragm leaks Poor performance 

Hesitation on cold acceleration 


Mechanical sticking open No heat to riser 


Mechanical sticking closed Heat to riser when engine is hot Overheating 
PVS fails in cold position Hard starting hot 
Poor idling 
Hot stalling 
Detonation 


INSPECTION AND SERVICING OF THERMOSTAT OPERATED VALVE 


9 Inspect the valve assembly for damage. Replace 
or repair it as necessary. 

(8) Turn the valve shaft by hand to see if it is free. It 
must turn freely and return to the closed position 
when it is cold. 

(3) Соо! or heat the thermostat as required to check 
for proper opening or closing. 

@ Lubricate the valve with COAZ-19A501-A or 

D7AZ-19A501-A graphite lube or the equivalent. 


(4) LUBRICATE 


INSPECT 


TURN SHAFT 
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2. AIR TEMPERATURE CONTROLS Heat Control Valves 
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TESTING AND MAINTENANCE OF VACUUM OPERATED VALVE 
(n Inspect the valve for any abnormal condition. Repair or replace it as necessary. 
Disconnect the hose from the PVS. 


Apply 15 inches vacuum to the vacuum motor diaphragm. Trap for 60 seconds. The valve must leak 
no more than two inches vacuum in 60 seconds. 


(a) Watch the position of the vacuum motor stem. It must go to full closed with vacuum on and to full 
open when vacuum is released. 


If necessary, lubricate the shaft with COAZ-19A501-A or D7AZ-19A501-A graphite lube or equivalent. 


(S) LUBRICATE / 


I 
TO MANIFOLD 
VACUUM 


I 


| 


(2) DISCONNECT 
I 


@ inspect 


@ warcH Position 


FULLY OPEN FULLY CLOSED 


APPLY VACUUM 
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Heat Control Valves 2. AIR TEMPERATURE CONTROLS 
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FUNCTIONAL TESTING A VACUUM OPERATED VALVE SYSTEM 


(@ With the engine off, note the position of the valve 


motor stem. It should be fully extended. STEM TO 
VACUUM 


(2 Start the engine cold. The stem should pull into 
the vacuum motor housing. 


(3) If the stem doesn't move, stop the engine. Attach 
a vacuum pump to the vacuum motor diaphragm 
and apply 15 inches vacuum (see valve test on 
preceding page). The valve stem must pull in and 
stay in with vacuum trapped. It may not leak more 
than 2 inches in 60 seconds. 


(8 Lubricate the valve shaft if the stem sticks pulling in or releasing. 


(5) If the valve and motor are okay, check the vacuum system. Look for a leaking or restricted hose. Repair 
as necessary. Check the hoses for proper routing. 


(6) If the valve closes now with the engine started, let it warm. When the coolant warms, it should close. 


If the valve operates with a separate vacuum source, but not from the PVS, test the PVS. 


HOW TO TEST 3-PORT PVS 


Apply vacuum to the center port of the PVS. Attach two vacuum gauges; one to the top and one 
to the bottom ports. 


* With the engine cold, the top and center port gauges must read the same. The bottom port must read 
zero vacuum. 


* With the engine warm, the top gauge must go to zero and the bottom gauge must build to source vacuum. 


VACUUM WILL BE EQUAL 
TO SUPPLY BELOW TEMPERATURE 


OPEN TO SETTING. 


COMMON PORT 
WHEN COLD 


APPLY VACUUM 
COMMON PORT TO CENTER PORT 


OPEN TO 
COMMON PORT 
WHEN WARM 


VACUUM EQUAL TO 


SENSOR SUPPLY ABOVE 
TEMPERATURE SETTING 


REPLACE THE PVS IF IT FAILS THE COLD OR HOT TEST 
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AIR TEMPERATURE CONTROLS Heat Control Valves 
EARLY FUEL EVAPORATION EFE HEATER 


HOW IT WORKS 


The early fuel evaporation (EFE) heater contains a 
resistance grid that heats the mixture from the 
primary venturi of the 740 carburetor. 


The purpose is the same as a manifold heat control 
valve: to improve vaporization in a cold engine. The 
heater operates for about the first two minutes; 
permitting leaner choke calibrations for improved 
emissions without cold driveaway problems. 


TEMPERATURE SWITCH 


An EFE temperature switch is mounted at the rear 

of the engine; on the bottom of the intake manifold. 

ο The switch is closed when its temperature is below 
128 degrees F. 

* |t opens as the engine coolant temperature is 
above 128 degrees F. 


REAR CENTER 
OF ENGINE 


EFE RELAY 


The temperature switch controls the EFE relay. This 
relay is mounted on the left front fender apron. It 
powers the EFE heater when the temperature switch 
is cold and closed. 


LH FRONT FENDER APRON 
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EFE Heater 


RELAY CONTROL 
CIRCUIT 


POWER IS FROM AN 
IGNITION-HOT FUSE 
LINK OR FUSE 


— 


RELAY COIL HAS 
POWER 

WHEN 354 IS “HOT” 
(CIRCUIT 640) 

(R/Y H ON SOME 
VEHICLES) 


TEMPERATURE 
SWITCH GROUNDS 
COIL TO ENERGIZE 
RELAY WHEN 
COOLANT IS COLD 


κ 


jecur mr umb 3n18 v9 0c 


— COOLANT 


2. AIR TEMPERATURE CONTROLS 


ELECTRICAL SYSTEM DESCRIPTION/OPERATION 


HOT AT ALL TIMES 


FUSE FUSE 

LIN LINK 
H 

PAGE 15 17 PAGE 14. 16 


EFE 
TEMPERATURE 
SWITCH 

CLOSED WITH 


BELOW 128* F 
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HEATER POWER 
CIRCUIT 


(4) CIRCUIT 175 IS 


POWERED FROM A 
BATTERY-HOT FUSE 
LINK 


RELAY CLOSES 
WHEN COIL IS 
ENERGIZED 


HEATER IS SELF 
GROUNDING: HEATS 
WHEN RELAY IS 
COLD 


2. AIR TEMPERATURE CONTROLS EFE Heater 
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WHAT CAN GO WRONG 


An open circuit will cause no heating of the mixture on a cold engine; resulting in performance problems 
the first minute or two of cold operation. If the heater is powered continually for some reason, it can cause 
warm engine driveability problems and possibly overheating and detonation. 


Here. is a summary of possible problems: 


IN THESE CONDITIONS THE RESULT IS THE SYMPTOMS CAN BE 


Circuit 640 or 175 open Poor idle when cold 

Relay fails open No heat Uneven acceleration when cold 
Fuse of fuse link open Poor performance 

Heater grid malfunction Hesitation on cold acceleration 


Switch fails closed Heater on constantly Overheating 
Wire 45 shorted to ground Hard starting hot 
Poor idling 
Hot stalling 
Detonation 


ELECTRICAL CIRCUIT TESTING 


* Use 12-volt test light and jumper wires as needed for open-circuit testing. 


IF RELAY DOESN'T CLICK T IF RELAY CLICKS BUT 
ON COLD ENGINE μα HEATER DOESN'T HEAT 


(1) TEST FOR POWER IN 
WITH KEY ON 
(CHECK FUSE OR 
FUSE LINK) 


TEST FOR POWER IN 
TO RELAY (IF NONE, 
REPAIR FUSE LINK) 


`= 


REMOVE WIRE 45 
FROM SWITCH AND 
JUMP TO GROUND 
(REPLACE SWITCH IF 
IT ISN'T CLOSING 
COLD 


a 
5 


TEST FOR POWER 
OUT (REPLACE 
RELAY IF DEFECTIVE) 


δ 


eee (ee 

< ° < 
=] 2 > 
$ 


TEST FOR POWER 
TO HEATER. 
(REPLACE HEATER IF 
IT DOESN'T WORK) 
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Section 3 


PCV AND EVAPORATIVE CONTROL SYSTEMS 


Positive Crankcase Vent (PCV) and Evaporative Emission Control systems are designed to prevent unburned 

vapors from escaping the engine and fuel system into the atmosphere. 

ο The PCV System controls vapors in the crankcase that "blow by" the pistons during combustion. These 
are principally HC and CO vapors. 

• The Evaporative Emission System captures and stores fuel vapors emitted from fuel tank(s) and carburetor 
fuel bowl(s). These vapors are continually being stored in the carbon canister(s). The vapors are "purged" 
from the canister(s) during vehicle operation. Depending on the vehicle, various controls are used to insure 
good fuel vapor control both during "storage"and purging. On EEC controlled engines, the EEC system 
contributes to fuel vapor control. 


POSITIVE CRANKCASE VENT 

(PCV) SYSTEMS 

ο WITH Ρον VALVE CONTROL 
(MOST ENGINES) 

ο WITH ORIFICE FLOW 

CONTROL (1.9 L ENGINE) 


EVAPORATIVE EMISSION 

CONTROL SYSTEMS 

* CARBON CANISTER 

ο CANISTER PURGE 
CONTROL VALVES 

ο CARBURETOR BOWL VENT 
CONTROL VALVES 

FUEL TANK VAPOR CONTROL 
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3. PCV AND EVAPORATIVE CONTROL PCV Systems 


POSITIVE CRANKCASE VENT SYSTEMS 


Positive crankcase ventilation has two functions: 

1. It prevents the emission of “blowby” gases from the engine crankcase to the atmosphere. These gases 
were once vented through a road draft tube. Now they are recirculated to the engine intake and burned 
during combustion. 

2. It scavenges the crankcase of vapors that could dilute the oil and cause it to deteriorate; or could build 
undesirable pressure in the crankcase. Fresh air from the air cleaner mixes with these vapors and makes 
them flow to the air-fuel intake. 

Most engines use a ΡΟΝ valve in the closed system. On 1.6 and 1.9 liter only, orifices are used. 


PCV SYSTEM WITH PCV (FLOW CONTROL) VALVE 


* V8 with carburetor or CFI shown 
ο Installations are similar on most engines 
ο ΡΟΝ valve may be inline rather than in oil fill cap. 


(Т) CLOSURE HOSE AIR 
ROUTES FRESH CLEANER 
AIR FROM AIR 
CLEANER TO 


CRANKCASE (з) PVC VALVE 


CONTROLS FLOW 
OF AIR AND 
GASES 


AIR AND 
SCAVENGED 
GASES FLOW 
OUT OF VALVE 
COVER TO PCV 
VALVE 


(4) INTAKE MANIFOLD (5) OIL FILL CAP IS 
VACUUM “PULLS” AIR USUALLY PART OF 
AND GASES INTO THE THE PCV SYSTEM 
INTAKE MANIFOLD 
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PCV Systems 3. PCV AND EVAPORATIVE CONTROL 
— — 2 ——— μμ 


| "BLOW-BY" GASES: WHY THE CRANKCASE HAS TO BE “VENTED” 


ο Gases that "blow by" the pistons collect in the crankcase 
• Recirculating these gases to intake prevents oil dilution and breakdown 


ч. 


COMPRESSION Z) POWER STROKE 


UNBURNED AIR COMBUSTION 

AND HC “BLOW (EXHAUST) GASES 

BY" THE PISTONS CONTAINING HC 

INTO THE CRANKCASE "BLOW-BY" GASES “ptow-sy” cases AND CO “BLOW BY" 
THE PISTONS. 


5.0 LITER SEFI PCV SYSTEM 
e PCV valve is installed in the intake manifold at rear of engine 
* System operates the same as other V8 engines 


PCV VALVE 


BN 


SEAS 
CC ARS OO 


ASSEMBLY 


ROCKER ARM 
COVER ASSY. 
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3. PCV AND EVAPORATIVE CONTROL PCV Systems 
Aa λα aed Padi 


HOW THE PCV SYSTEM WITH FLOW CONTROL VALVE WORKS 


In general, fresh air mixes with gases in the crankcase and sweeps them to the PCV flow control valve. The 
valve may be in the oil filler cap; or in line between the cap and intake manifold. Manifold vacuum draws 
the vapors into the intake. 


NORMAL OPERATION: IDLE, CRUISE, LIGHT ACCELERATION 


(2) FLows THROUGH (1) FRESH AIR (7) PCV VALVE 
CLOSURE HOSE... FROM AIR CONTROLS RATE OF 
CLEANER... FLOW INTO 
INTAKE MANIFOLD 


=*= AIR CLEANER 
(3) THROUGH VALVE 
COVER... 


(5) FRESH AIR 
AND BLOWBY 
GASES FLOW 


AND 
INTO CRANKCASE 


HEAVY ACCELERATION OR HIGH SPEED 


(5) FILTER PAD IN AIR (4) THESE GASES JOIN, 
CLEANER PREVENTS INTAKE AIR TO 
OIL CONTAMINATION OF INLET CARBURETOR 
OR EFCA 
(2) PART OF "BLOW-BY" 
GASES FLOW 
(з) ранг аг одев THROUGH PCV VALVE 

CLOSURE HOSE AIR CLEANER ΘΉΒΗΝ 
ΤΟ AIR 
CLEANER 


HIGH VOLUME ΟΕ "BLOW-BY" GAS 
CAUSES PRESSURE BUILD-UP 
IN CRANKCASE 
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PCV Systems 


HOW THE PCV VALVE WORKS 


3. PCV AND EVAPORATIVE CONTROL 


Controls flow rate of vapors and air into intake manifold 
Prevents crankcase pressure variations from upsetting calibration of air-fuel mixture. 
Normally mounted vertical (in oil filler) cap; may be horizontal (in line). 


Plunger can seat at top or bottom. 


Top seat is toward manifold vacuum. 
Flow rate is controlled between plunger and top 
seat. 


Spring tends to unseat plunger from top and 
toward bottom seat; balances against vacuum and 
crankcase gas forces. 


Bottom seat is toward crankcase. Crankcase 
pressure tends to close valve against top seat. 


ORIFICE WASHER 


(3) SPRING 


(1) PLUNGER 


WASHER 


(4) BOTTOM 
SEAT 


OPERATING CONDITIONS 


NORMAL 


HIGH VACUUM VACUUM 
PULLS VALVE 


TOWARD TOP SEAT 


ү 
РРР ИРА 


CRANKCASE PRESSURE 
TENDS TO CLOSE 
VALVE 


HIGH SPEED OR LOAD 


BACKFIRE DURING CRANKING 


BACKFIRE CAUSES 
HIGH PRESSURE 
IN MANIFOLD 


27223 


222222 
22 


RATE 
INCREASES 


222 
Z | 


PLUNGER 
SEATS TO 
SEAL OFF 
FROM 
CRANKCASE 


РРР 


| 
“ul 
Ga 


NOTE: EXCESS GASES FLOW 
BACK TO AIR CLEANER AS 


SHOWN ON PRECEDING PAGE 
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3. PCV AND EVAPORATIVE CONTROL PCV Systems 


PCV SYSTEM WITH OIL SEPARATOR (2.3 L OHC) 
An oil separator is used on some PCV systems 
to allow oil vapors to condense and drain back into UPPER CRANKCASE 
the crankcase. VENT HOSE 


On 23 liter OHC engines, the separator is 
mounted on the lower block; and opens into the 
crankcase. At the top, it has a nipple port 
connected to the lower crankcase vent hose; and ρον VALVE “” 


PCV PORT 
to the PCV valve. 


As shown below, PCV gas flow is the same as in 
other engines; except that it must go through the 
separator. 


LOWER -— 
CRANKCASE OIL SEPARATO 


VENT HOSE 


FRESH 
AIR (CLOSURE) 
TUBE 


OIL FILLER 
CAP —¿ AIR CLEANER Gi ge 
PCV 
CARB. VALVE CONTROLS 
= 


ROCKER COVER 
CRANKCASE 


FRESH AIR SEPARATOR 


FLOW (2) AIR AND 
CRANKCASE 
VAPOR FLOW 
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PCV Systems 3. PCV AND EVAPORATIVE CONTROL 


PCV SYSTEM WITH ORIFICE CONTROL (1.6 and 1.9 LITER) 

The 1.6 liter and 1.9 liter engine (except 1986 with EFI) use an orifice flow control instead of a PCV flow control 
valve. On 1985 and earlier engines, the orifice is built into the hose connected to manifold vacuum. On 1986 
19 liter 2V, a dual orifice valve (next page) is used. This system does not use fresh air scavenging of the 
crankcase. 


NORMAL OPERATION 


(2) VAPORS FLOW TO 
TEE FITTING ON 
@ жы ri ды =ë Sens AIR CLEANER 
VAPORS TO Y : LOW 
ROCKER COVER ; PRESSURE 
IN ROCKER 
COVER 


(3) FRESH AIR 
E MIXES IN 
(8) AIR AND VAPORS |, 2 АТ ТЕЕ 
FLOW INTO ` 
INTAKE MANIFOLD 


HOT IDLE (4) ORIFICED HOSE 
COMBUSTOR CONTROLS FLOW RATE 


HEAVY ACCLERATION OR HIGH SPEED 


HIGH 
PRESSURE 
IN ROCKER 


(8) EXCESS VOLUME COVER 


OF CRANKCASE 
VAPORS FLOWS 
TO AIR CLEANER 


(4) FILTER PAD PREVENTS 
OIL CONTAMINATION 
OF AIR FILTER 


[S 
(1) MANIFOLD 
VACUUM (2) ORIFICED FLOW 
VERY LOW TO INTAKE 
MANIFOLD IS REDUCED 
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3. PCV AND EVAPORATIVE CONTROL 


PCV SYSTEM WITH DUAL ORIFICE VALVE 

* Used on 1.9 liter with 2V carburetor; 1986 and later 

* Provides low vapor flow at idle and higher flow off-idle 
* Otherwise same as 1985 and earlier system 


IDLE COMPENSATOR 
AND INTAKE 
MANIFOLD 

VACUUM 

FITTING 


DUAL ORIFICE 
VALVE ASSY. 
(SEE BELOW) 


DUAL ORIFICE PCV VALVE ASSEMBLY 
* PCV flow controlled by .050 inch orifice at idle 
* Larger orifice (.090 inch) opens off idle 


OPERATION AT IDLE 


(3) SMALL ORIFICE 
CONTROLS FLOW 


SEATED 


(3) SPARK PORT VACUUM 
IS ZERO 
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PCV Systems 


CRANKCASE 
VENT 
CONNECTOR 


> 
TO CARBURETOR 


SPARK PORT VACUUM 


OPERATION OFF IDLE 


ORIFICE 


VACUUM IS APPLIED 
TO DIAPHRAGM 


PCV Systems 


1.6/1.9 LITER EFI PCV SYSTEMS 
EFI NON-TURBO SYSTEM (PRIOR TO 1986) 
ο 1986 system uses a ΡΟΝ flow control valve 
(3) OIL/WATER SEPARATOR 
PREVENTS FREEZING 


(2) VAPORS FLOW FROM 
ROCKER COVER TO 
SEPARATOR 


(5) LOWER HOSE 
IS OIL LINE 


EFI TURBO SYSTEM 


3. PCV AND EVAPORATIVE CONTROL 


(4) vaPORS 
FLOW TO 
THROTTLE 
INTAKE 
UPPER 
MANIFOLD 


AIR 
INTAKE 
THROTTLE 
BODY 


PURGE HOSE 
TO CANISTER 


PCV HOSE VENTS 
CRANKCASE 
VAPORS TO 
ROCKER COVER 


ο Turbocharge pressure increases blowby; gathers large volume of oil vapor 


PVC FILTER 
(UNDER CAP) 


(2) SEPARATOR CONTAINS 
BAFFLES TO CONDENSE 
OIL: PLUS PCV FILTER 


PCV TUBE 


VAPOR FLOW 

TO SEPARATOR 
SAME AS 

OTHER 1.9 LITER 
ENGINES 


OIL DRAINS 
BACK TO 
ROCKER 
COVER 
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(4) CHECK VALVE 
PREVENTS REVERSE 
DURING TURBO 
BOOST 


3. PCV AND EVAPORATIVE CONTROL. 


WHAT CAN GO WRONG 


PCV Systems 


The PCV system can operate properly if air flows freely; and if the flow control valve functions properly. Since 
the air and vapor flow is part of calibrating the air-fuel mixture, a PCV flow problem can cause driveability 


symptoms. 


Also, if the crankcase isn't vented and scavenged properly, it can cause oil dilution, sludging and even oil 


collecting in the air cleaner. 


Thus, the system has to be kept clean and functioning properly; and no air or vacuum leaks can be tolerated. 


Here is a summary of possible PCV problems: 


IN THESE CONDITIONS 


Plugged hose 
PCV valve stuck closed 
Dirty filter pad in air cleaner 


Hose broken or disconnected ahead 
of valve or orifice 


Hose broken or disconnected 
beyond PCV valve 


THE RESULT IS 


Reduced air flow 


Increased pressure in crankcase 


Crankcase vapors to atmosphere; 
reduced air flow 


Vacuum leak; reduced air flow and 
reduced scavenging of crankcase 
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THE SYMPTOM CAN BE 


Rough or unstable idle 

Poor economy 

Power loss at all speeds 

Stalling 

Reduced idle speed 

Slow starting (with normal cranking) 


Oil sludging 
Oil in air cleaner 
Blue smoke in exhaust 


* Rough or unstable idle 
Poor economy 

Power loss 

Stalling 


Rough or unstable idle 
Poor performance 
Hissing noises 

Oil sludging 


PCV Systems 3. PCV AND EVAPORATIVE CONTROL 
p 


HOW TO TEST PCV SYSTEMS 


WITH PCV FLOW CONTROL VALVE 
* Engine at hot idle 


(2) REMOVE VALVE FROM 
CAP, GROMMET OR LINE, 
SHAKE THE VALVE. 


IF THE VALVE 
RATTLES, IT IS OK. 


(1) REMOVE CLOSURE IF NOT, REPLACE 
HOSE. PLACE STIFF š IT. 
PAPER OVER HOSE. 
WAIT ONE : 


MINUTE FOR 
VACUUM 


* |F NO VACUUM, 
SYSTEM IS 
PLUGGED 


WITH ORIFICED HOSE (1.6/1.9L) 
* Engine at hot idle 


REMOVE VENT TEE 
CONNECTOR FROM 
AIR CLEANER 


(2) CHECK FOR 
VACUUM WITH 
STIFF PAPER. 
WAIT ONE 
MINUTE. 
e IF VACUUM HOLDS, 
SYSTEM IS OK 


° ΙΕ NOT, GO TO 
STEP 3 


(3) REMOVE HOSE, CHECK 
FOR VACUUM AT HOSE. 
• IF OK NOW, REPLACE 
TEE CONNECTOR. 
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3. PCV AND EVAPORATIVE CONTROL. 


HOW TO TEST SYSTEM WITH DUAL ORIFICE VALVE 


* Engine at hot idle 


© DISCONNECT SPARK 

PORT VACUUM AND 

APPLY MANIFOLD 

VACUUM TO DUAL 

ORIFICE VALVE. 

* RPM SHOULD 
CHANGE 

* IF NOT, REPLACE 
VALVE 


DUAL ORIFICE 
VALVE ASSY. 


REMOVE VALVE FROM 
SYSTEM. CHECK THROUGH 
PORTS FOR BLOCKAGE 
e REPLACE VALVE IF 
PORTS ARE BLOCKED 


М. 


аа 


РАСЕ 3-12 


PCV Systems 


(2) REMOVE VENT TEE 
CONNECTOR FROM 
AIR CLEANER 


VACUUM WITH 

STIFF PAPER. 

WAIT ONE 

MINUTE 

* IF VACUUM HOLDS, 
SYSTEM IS OK 

° IF NOT, GO TO 


(4) REMOVE HOSE. CHECK 


FOR VACUUM AT 

HOSE. 

* IF OK, BUT NOT OK IN 3, 
REPLACE CONNECTOR 


PCV Systems 3. PCV AND EVAPORATIVE CONTROL 


EVAPORATIVE EMISSION CONTROL SYSTEMS 


HOW THE EVAPORATIVE SYSTEM WORKS 

The fuel tank evaporative emission control system was originally designed to store fuel tank vapors in a charcoal 
canister; rather than letting them escape to the outside air through the fuel tank vent. Since the first systems 
were used nationwide in the early 1970's, several refinements have been added. Current systems include: 


* A special filler design to limit how much fuel can be put in the tank. This provides an air space of 10-12 
percent of tank volume for heat expansion and for vapors to collect until they can be removed. 


A pressure/vacuum relief fuel tank cap isntead of a plain vented cap. 
A vapor separator in the top of the tank. 


A charcoal canister to store vapors from the separator until they can be taken into the engine for 
combustion. 


Vapor hoses and tubing to connect the separator to the canister. 


(3) FILL CAP CONTAINS 
PRESSURE AND VACUUM 
RELIEF VALVES 


VAPOR SEPARATOR PREVENTS LIQUID (5) TUBE AND HOSES 
FUEL FROM ESCAPING, ALLOWS DIRECT VAPORS TO 
VAPORS TO PASS CANISTER 


VAPOR TUBE : T 


VAPOR HOSE 


(1) FUEL FILL PIPE (2) FUEL TANK MAY 
IS SHAPED HAVE VENT 
TO LIMIT LINE TO PIPE (6) CARBON CANISTER 


FUEL VOLUME TO LIMIT VOLUME STORES VAPORS 
UNTIL ENGINE 


DRAWS THEM 
INTO INTAKE 
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3. PCV AND EVAPORATIVE CONTROL Evaporative Control Systems 
S as dicio diim CLR: medida asa 


ENGINE VAPOR CONTROL 


The charcoal (carbon) canister that stores the vapors is located in or near the engine compartment. It is 
connected to the air cleaner, carburetor, or throttle body so as to purge the vapors when the engine is running. 
* Canister purge control is usually accomplished with a vacuum-operated or electrically operated valve. 
The valve opens during specific operating conditions; when the engine can accept the extra fuel vapor. 
Fuel bowl vent control is part of the system on carbureted engines. The carburetor bowl is vented to 
the bowl vent line. Bowl vapors thus flow into the canister when the purge is not operating. Several types 
of valves are used on various engines to control the bowl venting. 


(5) CARBURETOR BOWL MANIFOLD VACUUM 
IS VENTED INTO 


BOWL VENT LINE (4) SOLENOID Is ENERGIZED 
>< BY ECA TO ALLOW PURGE 
FLOW TO INTAKE 


(3) PURGE LINE IS 
CONNECTED TO 
MANIFOLD VACUUM 


THERMAL VENT VALVE 
MAY BE USED TO 
PROVIDE ADDITIONAL 
VAPOR FLOW 
CONTROL. 


(2) VAPORS FLOW INTO CANISTER 


FROM TANK 


SOLENOID VENT VALVE B SN CANISTER STORES TANK 
MAY BE USED TO | SU AND BOWL VENT VAPORS 
CLOSE VENT WHILE 

ENGINE IS RUNNING 

(SOME VEHICLES USE 

VACUUM CONTROLLED 

VENT VALVE) 


TYPICAL CARBURETED ENGINE VAPOR CONTROL (2.8 LITER FBC-EEC IV) 


SEALED HOUSING EVAPORATIVE DETERMINATION (SHED) 
SYSTEMS 


In 1978, new government emission standards led to a group of changes called Sealed Housing Evaporative 
Determination (SHED) or Evaporative Emission Shed System (SHED). The principal features of SHED, which 
have carried through to current models are: 

ο Vapors from the gas tank and carburetor fuel bowl are routed to and stored in the carbon canister. 

ο The carbon canister is purged while the engine is running. 
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Evaporative Control Systems 3. PCV AND EVAPORATIVE CONTROL 


FUEL TANK PRESSURE — VACUUM FILLER CAP 
ο Air can flow in and out only with pressure/vacuum change. 
e "Rollover" safety design: seals fuel in tank if vehicle rolls over. 


(Т) VACUUM RELIEF 
VALVE ADMITS (3) FILLER NECK SEAL 
AIR IF TANK CLOSES SYSTEM 
HAS A VACUUM POSITIVELY IN 
„ AS FUEL IS USED NORMAL OPERATION 
« OR DUE TO COLD 
CONTRACTION PRESSURE RELIEF VALVE OPENS 
IF PRESSURE BUILDS. IT IS SET 
HIGH ENOUGH TO STAY CLOSED IN 
A ROLLOVER 


FUEL TANK VAPOR SEPARATOR 

ο Mounted in top of tank 

ο Opens into unfilled space 

e "Rollover" safety design; seals fuel in tank if vehicle rolls over. 


(4) vapors FLOW (2) oniFicE (3) No rLow το 
(3) ORIFICE OUT TO CANISTER IS 


CANISTER 
SEALED 


OPEN 


(2) VAPOR 
PRESSURE 
PUSHES 
FLOAT 
DOWN 


FLOAT 
SPRING 


(т) шошо иғтѕ 
FLOAT 

(1) vAPORS ENTER 
FROM TANK 


NORMAL OPERATION LIQUID IN SEPARATOR 


NOTE: IN CASE 
OF ROLLOVER, 
THE SPRING AND 
FLOAT WEIGHT 
CAUSE THE FLOAT 
EXTERNAL TO SEAL OFF THE 
VIEW ORIFICE 
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3. PCV AND EVAPORATIVE CONTROL Evaporative Control Systems 


CARBON STORAGE CANISTERS 


Two sizes: 1400 ml and 925 ml 

Two canisters sometimes used with dual tanks, dual fuel bowls or large capacity tanks 
Storage medium is activated carbon (charcoal) 

Dust cap and vapor purge connections are interchangeable 


DUST CAP DUST CAP 


VAPOR/PURGE NIPPLE 


: FOAM FILTER 
FOAM FILTER AND AND RETAINING 


RETAINING SCREEN UE) 292 SCREEN 


SIDE i 

CHAMBER As 624 ACTIVATED 
ACTIVATED po С CARBON 
CARBON š 


SONICALLY WELDED COVER 
1400 ML 


TYPICAL VAPOR AND AIR FLOW 


PURGE 


TO PURGE (3) CARBURETOR (3) FUEL TANK Z LINE 
VALVE BOWL VAPORS VAPORS FLOW 


OPEN 
FLOW INTO INTO TO INTAKE 
(1) VAPORS FLOW ыл PURGE LINE... CANISTER 
FROM TANK / 


(2) VAPORS 
| — DRAWN 
FROM 
CANISTER 
e ; EC BY 
ae ITO) AND ARE ; ENGINE 
o1 e$. VACUUM 
(4) FRESH AIR δὰ fc 
ENTERS 
VENT Ate 


CAP YU с — 


ENGINE OFF: PURGING 
VAPOR STORAGE 
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Evaporative Control System 3. PCV AND EVAPORATIVE CONTROL 


PURGE CONTROL SYSTEMS 


• Four types: air cleaner purge, direct vacuum purge, vacuum operated purge valve, and purge solenoid 
valve. 
* Purge with engine running. Some purge in special operating conditions. 


PURGE HOSE TO AIR CLEANER 


e No control valve or solenoid 
ο Used on EFI turbo and some early 5.0 liter V8 


(3) VAPORS DRAWN 
INTO AIR CLEANER 
WHENEVER ENGINE 
IS RUNNING 


(Т) VAPOR FROM 
FUEL TANK 


(2) PURGE PORT 
CONNECTED TO 
PURGE HOSE 


CANISTER 


DIRECT VACUUM PURGE 


2.3 liter HSC with carburetor shown 

With manifold vacuum, purges when engine is running 
With ported vacuum, purges off idle 

Vapor flow depends on strength of vacuum 


(2) PURGE VAPORS FLOW VAPORS FLOW 
TO PORT ON CARBURETOR FROM FUEL TANK 


TO CANISTER 


TO CARB THERMAL BOWL 
FUEL BOWL VENT VALVE 


(4) BOWL VENT 
SOLENOID (D 
SHUTS OFF { 
BOWL VAPORS "x 
WITH ENGINE 


CANISTER 


(3) BOWL VENT 
IS TEED 
TO CANISTER 
HERE 
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3. PCV AND EVAPORATIVE CONTROLS Evaporative Control System 
Sad Lobo ια dero eA Roe A 


PURGE CONTROL SYSTEMS (CONT'D) 
VACUUM OPERATED PURGE VALVE 


(3) CONTROL VACUUM 
LINE CONNECTED 


| SI CA BAD VAPORS 
0 224 
TO PURGE VALVE N H @ FLOW TO 


INTAKE 
WHEN 
CONTROL 
VACUUM IS 


WG AS ON 

ОКЧУ 

(2) PURGE VALVE ^ yd И 5 
IS VACUUM М os 7) SEE FOLLOWING 


PI 

CONTROLLED ὃ PAGES FOR 

e CLOSED WITH NO QU А x. X. 9 VACUUM CONTROLS 
as 


CONTROL VACUUM 
* CLOSED WITH 
ENGINE OFF ζ 
• OPEN WHEN CONTROL @ CANISTER VAPOR 
VACUUM IS APPLIED PURGE HOSE TO STORAGE 
PURGE VALVE CANISTER 


NOTE: SOME ENGINES USE A 
CANISTER PURGE SHUTOFF 
VALVE WITH REVERSE LOGIC 
TO PURGE VALVE 


CANISTER PURGE SOLENOID 


* Used with electronic engine control (EEC) systems 


(4) vapors FLOW 
TO INTAKE 


(2) SOLENOID Is 
NORMALLY 
(3) ELECTRONICAL SIGNAL 
ENERGIZES SOLENOID: 
OPENS PURGE FLOW 


(1) PURGE HOSE CONNECTED 
TO INTAKE THROUGH 
CANISTER PURGE a VAPOR 
CANISTER 
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Е 


vaporative Control Systems 


CANISTER PURGE VALVE OPERATION 
* Normally closed 
ο Opens vapor inlet to purge outlet with vacuum applied 


(1) VAPOR INLET PORT CONNECTS 
TO CARBON CANISTER 


2 PURGE OUTLET 
(LARGE) PORT (м IN.) 
CONNECTS TO VACUUM 
PURGE SOURCE 


(з) SIGNAL VACUUM PORT 
(3/16 IN) CONNECTS TO 
CONTROL VACUUM SOURCE 


(6) VAPORS FLOW OUT 
(WITH VACUUM ON) 


TYPICAL PURGE VALVE MOUNTINGS 


PURGE CV 


PURGE CV 


SIGNAL VACUUM PORT 


SIGNAL 
VACUUM 

PORT 

PURGE VAPOR 

PORT INLET PORT PORT 


REMOTE MOUNTED IN-LINE 
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3. PCV AND EVAPORATIVE CONTROL 


DIAPHRAGM 
IS NORMALLY 
HELD CLOSED 
BY SPRING 


(5) WITH vacuum 
ABOVE DIAPHRAGM, 
VALVE OPENS 


PURGE CV 


SIGNAL 
VACUUM PORT 


VAPOR 
INLET CARB 
PORT BOWL 
VENT 
PORT 


PURGE 
PORT 


IN TOP OF 
CANISTER 


CANISTER MOUNTED | 


3. PCV AND EVAPORATIVE CONTROL Evaporative Control Systems 


PURGE VALVE WITH EGR-PVS VACUUM CONTROL 


* Typical of non-EEC engines (1.9 liter 2V illustrated) 
ο PVS can be 2-port, 3-port or half of a 4-port (as illustrated) 


COLD ENGINE (COOLANT TEMP. BELOW PVS SETTING) 


(2) coro pvs 
IS CLOSED  EGR-PVS 


(3) No vacuum 
TO EGR OR 
CANISTER PURGE 
VALVE 


(4) ΙΕ THROTTLE 
IS OFF IDLE, BOWL VENT 


“Е” PORT 
VACUUM IS 


(5) VAPORS FROM 
m" TANK CAN 
i FLOW ONLY 
(4) PURGE TO CARBON 


VALVE CANISTER 
CLOSED 


PURGE CV 


WARM ENGINE (COOLANT TEMP. ABOVE PVS SETTING) 
* Throttle must be off idle to supply vacuum to purge valve. 


EGR-PVS 
TO EGR VALVE 


(2) VACUUM APPLIED 


TO ERG VALVE 
WARM PVS α΄ AND TO PURGE 


IS OPEN VALVE 


(5) vacuum 
RESTRICTOR 
REDUCED FLOW; 
PREVENTS 


FLOW AT S 
OF PURGE PURGE CV 


(4) VAPORS FLOW FROM CANISTER 
AND/OR TANK TO MANIFOLD 
VACUUM INLET 
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Evaporative Control Systems 3. PCV AND EVAPORATIVE CONTROL 


PURGE VALVE WITH EGRC SOLENOID VACUUM CONTROL 
* Purges only when EGR is operating 
° Typical of EEC with sonic (electronic) EGR valve (3.8L CFI shown) 


COLD ENGINE; EGR OFF 


(3) мо VACUUM TO EGR WHEN ENGINE STARTS 
VACUUM IS AVAILABLE 
TO EEC SOLENOIDS 


(4) No vacuum c4 CONTROL 


PURGE VALVE SOLENOID 
V REST IS OFF 
(5) VAPORS FROM TANK —=r 
CAN ONLY FLOW š 


INTO CANISTER 


FUEL TA 
—— 
PURGE CV 


— 


WARM OR HOT ENGINE; ECA CONTROLLING EGR 


(2) WHENEVER THERE 
IS VACUUM TO 
EGR DIAPHRAGM... 


(1) EcA IS 


CONTROLLING 
EGR 
(3) VACUUM is ON oao SOLENOIDS 


AT PURGE VALVE 


SIGNAL VACUUM PORT 


(6) RESTRICTOR 
CONTROLS FLOW 


PURGE CV 


VAPORS FROM CANISTER 
AND/OR TANK FLOW TO 
INTAKE { THROUGH PCV 
VALVE IN THIS 
CALIBRATION) 
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3. PCV AND EVAPORATIVE CONTROL 


Evaporative Control Systems 


PURGE VALVE WITH HCV-PVS/ELECTRONIC CONTROL 


ο Typical with EEC-controlled Heat Control Valve (5.0 liter CFI shown) 
ο Controlled from Heat Valve Solenoid and PVS (See Section 2) 


COLD ENGINE (BELOW 55? F. COOLANT TEMP) 
(3) Pvs DIRECTS VACUUM 
TO HCV 


— 
©) ECA ENERGIZES ' [ HEAT CONTROL 


COLD STARTUP c% VALVE (HCV) 


(4) NO VACUUM TO 


(2) VACUUM Is OPEN PURGE VALVE 


TO PVS 


TO MANIFOLD 


VACUUM (6) VAPORS STORED 


IN CANISTER 
CANISTER 
PURGE CONTROL 
VALVE CLOSED FUEL TANK 


WARM ENGINE (ABOVE 100° F. COOLANT TEMP.) 


(1) ECA DE-ENERGIZES —> 
SOLENOID 


(2) NO VACUUM TO 
PVS, HCV OR 
PURGE VALVE 


TO MANIFOLD 


VACUUM (4) VAPORS STORED 


IN CANISTER 
(3) PURGE VALVE 
CLOSED 


HOT ENGINE (ABOVE 160? F. COOLANT TEMP.) 


(1) ECA ENERGIZES 
SOLENOID IN 
HOT CRUISE; 
HOT ACCELERATION 
(HOT IDLE OR 
DECEL 18 
SAME AS 


(2) VACUUM TO 
PVS 


(3) Pvs HAS SWITCHED 
PORTS 


WARM ENGINE 
SOLENOID OFF) 


VACUUM 
SUPPLY 


TO MANIFOLD 


VACUUM ἫΝ 
PURGE VALVE 
OPEN 


(4) VACUUM TO 
PURGE VALVE 
VACUUM 
RESTRICTOR CONTROLS FLOW 


(5) VAPORS TO INTAKE MANIFOLD 
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Evaporative Control Systems 


CANISTER PURGE SHUTOFF VALVE (CSOV) 


* |dentical to vacuum bowl vent valve (Page 3-28) 


3. PCV AND EVAPORATIVE CONTRO 


* Opens and closes purge line to intake manifold in this application 


e Reverse logic from canister purge valve 


SHUT-OFF DISC 


SEAL 
SPRING 


(2) ειον To 
INTAKE 
MANIFOLD 


(1) vapors 
FROM CANISTER/ 
BOWL VENT... 


HOUSING 
DIAPHRAGM 
PLUNGER 


NO VACUUM: VALVE OPEN 


(3) FLow Is 


VACUUM 
DIAPHRAGM 


VACUUM APPLIED; VALVE CLOSED 


2.3 LITER HSC/FBC PURGE CONTROL WITH CSOV 


* Controlled by vacuum from Thermactor Air Diverter (TAD) Solenoid 


e Purges when Thermactor air is downstream 
e See next page for vacuum system operation 


(2) vacuum 
SOURCE IS 
TAD SOLENOID 


(1) csov 
INSTALLED 
BETWEEN 
CANISTER 
AND 
VACUUM 
PORT ON 
CARBURETOR | 


FUEL 
BOWL 
SOLENOID 


THERMAL 
VENT VALVE (TVV) 


TO FUEL 
TANK 


TUBE ASSEMBLY 


HOSE 


CANISTER 


PAGE 3-23 


L 


3. PCV AND EVAPORATIVE CONTROL Evaporative Control Systems 


PURGE CONTROL WITH CSOV AND TAD VACUUM 


COLD ENGINE, HEAVY ACCELERATION, DECELERATION, IDLE 


ο Thermactor air dumped or upstream 


AIR CONTROL (1) ECA ENERGIZES 
VALVE DIVERTER INTAKE TAD SOLENOID 
VACUUM IS APPLIED MANIFOLD WITH ENGINE ON 
TO CSOV 


MANIFOLD 
VACUUM 
SOURCE 


TO 
ACV 


2) SOLENOID IS 
= ae OPEN ENERGIZED 


(4) vaPoR FLOW 
BLOCKED BY (8) CARBON 


CLOSED CSOV CANISTER 
STORES 


VAPORS 


WARM OR HOT CRUISE, LIGHT ACCELERATION 
e Thermactor air downstream 


(3) мо vacuum το 
DIVERTER VALVE 
OR CSOV (1) ECA DE-ENERGIZES 
SOLENOID 


VAPORS FLOW INTAKE 

TO PORT MANIFOLD 
UNDER 

CARBURETOR 


MANIFOLD 
VACUUM 
SOURCE 


SOLENOID 
BLOCKS 
VACUUM 


(4) csov OPENS CARBON 
CANISTER 
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Canister Purge Control 3. PCV AND EVAPORATIVE CONTROL 


CANISTER PURGE SOLENOID (CPRV) 

ο Used with EEC (electronic engine control) 

ο Normally closed, solenoid vacuum valve 

• Purges on signal from ECA; usually at warm and hot cruise 


SYMBOL 
(2) VAPOR INLET 


(1) vapon FROM 
OUTLET TO CANISTER 
MANIFOLD 

FITTING (OR 

PCV VALVE) 


VALVE IS NORMALLY 
CLOSED (OPEN TO FLOW 
WITH SOLENOID ON) 


VAPOR 
OUTLET 


74— — — —(4) ELECTRICAL 


SIGNAL FROM 
ECA ENERGIZES 


SOLENOID —— — 


TYPICAL OPERATION OF CANISTER PURGE SOLENOID 


e 1986 5.0L EFI shown 


TO INTAKE 
MANIFOLD 


CÓ MAN 
VAC 
—— 


SOLENOID IN t (3) VAPORS 


! FLOW 


(1) ЕСА ENERGIZES 


| | [15 I- -- раг ФФ 
> άν V REST 

CANISTER 

PURGE ` , CAN 


L 

SOLENOID RESTRICTOR CONTROLS 

^ FLOW RATE TO 
PREVENT FLOODING 

FROM 

TANK | p CANISTER 


ἃ 


INSTALLATION 1 TYPICAL VACUUM SCHEMATIC 
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3. PCV AND EVAPORATIVE CONTROLS Evaporative Control Systems 
FUEL BOWL VENTING 


CARBURETOR FUEL BOWL EMISSION CONTROL 


Most carburetor fuel bowls are vented to the air horn. This is necessary with the engine running to maintain 
the same pressure in the fuel bowl as downstream of the air cleaner. Otherwise fuel metering would vary 
with pressure changes due to fuel level in the bowl or air flow through the filter. 


When the engine is shut down, vapors in the bowl can be emitted through the air filter and air cleaner to 
the atmosphere. To minimize these emissions, the SHED evaporative control incorporated a large diameter 
fuel bowl vent line to the carbon canister. It is large enough to provide an easier flow path for vapors to the 
canister than through the air horn vent (or other external vent). 


BOWL VENT HOSE CONNECTIONS 


The evaporative fuel bowl vent is usually tied into the canister purge line. It then directs fuel bowl vapors 
into the canister with the engine off; when canister purge is not operating. 


If the system has an inline or canister-mounted purge valve, the valve has a port for the bowl vent connection. 


BOWL 
VENT HOSE 


BOWL 
VENT 
SOLENOID 
VALVE 
(SOME 
ENGINES) 


THERMAL 
BOWL 
VENT 
VALVE 
(SOME 
ENGINES) 


FROM 
FUEL TANK 


PURGE/BOWL 
VENT HOSE 
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Fuel Bowl Venting 3. PCV AND EVAPORATIVE CONTROLS 


VALVING IN THE FUEL BOWL VENT VAPOR LINE 
e Vapor vent is usually blocked with engine running; open with engine off. 


FUEL BOWL SOLENOID VALVE (SV-CBV) 
• Normally open solenoid; allows bowl to vent to canister with engine off. 
e Energized with ignition on. Closes vent off from canister/canister purge system. 


TO CANISTER 


N 


©» 


SV-CBV 


SYMBOL 


ENGINE-OFF ENGINE-ON 
OPERATION OPERATION 


CANI 
(4) FLow (3) VAPORS (9 PURGE А 
FREELY FROM FUEL VACUUM (3) VAPORS BLOCKED 
TO CANISTER BOWL VENT... CANNOT AT VALVE SEAT 
AFFECT FUEL 
BOWL 
PRESSURE 


UNSEATED 


(Т) SOLENOID 
IS OFF 


(1) SOLENOID 
IS ENERGIZED 


Ë SH 
SIRS 


NS 
NA AA AA? 


SS 
Ñ 


GROUND WIRE 
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3. PCV AND EVAPORATIVE CONTROLS Fuel Bowl Venting 


VALVING IN THE FUEL BOWL VENT VAPOR LINE (CONT'D) 


* Valves that prevent vapor back flow from canister with engine off. 


THERMAL FUEL BOWL VENT VALVE (TVV) waite pea 
If the fuel tank heats up before the engine compartment, 
fuel tank vapors may flow into the carburetor bowl vent 
instead of the canister. This can cause flooding and ro cANISTER FROM FUEL 
hard starting. A thermal bowl vent valve in the bowl vent BOWL VENT 
line prevents this back-flow of vapors. 
ο When the engine compartment is cold (909 F. or less) 
the bi-metal contracts and closes the valve. There 
is no vapor flow in the bowl vent line. 
When the engine compartment is warm (120° F. or 
more), the bi-metal expands and opens the valve. 
Bowl vapors vent to the canister. SYMBOL 


BI-METAL 


VACUUM OPERATED CARBURETOR FUEL BOWL VENT VALVES 


" š SYMBOL 
e Can be used instead of solenoid valve and thermal bowl vent valve. 


V-CBV 


VACUUM BOWL VENT VALVE (VBVV) VACUUM/THERMAL BOWL VENT VALVE 
(V/TBVV) 
* Used in place of solenoid bowl vent valve. * Replaces both solenoid valve and thermal bowl 
vent valve. 
* Opens vent with engine off; closes vent * Operates same as vacuum bowl vent valve 
with engine vacuum. thermal control added. 


PORT TO PORT TO 
FUEL BOWL FUEL BOWL 


PORT TO PORT TO 
CANISTER CANISTER 


PORT TO PORT TO 
VACUUM SOURCE VACUUM SOURCE 


NOTE: THIS VALVE IS ALSO USED AS A NOTE: THERMAL CONTROL IS IDENTICAL TO 
CANISTER PURGE SHUTOFF VALVE (CSOV.) THERMAL BOWL VENT VALVE (TVV) SHOWN 
SEE PAGE 3-23. ABOVE. 
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Fuel Bowl Ventin 3. PCV AND EVAPORATIVE CONTROLS 


BOWL VENT EMISSION CONTROL WITH TVV AND CARBURETOR BOWL VENT 


SOLENOID (SV-CBV) 
ο 23 Liter HSC shown 
ο Typical of many carbureted engines 


ENGINE OFF; ENGINE COMPARTMENT COLD (90° F. OR LOWER) 


(3) BOWL VAPORS FLOW 
THIS FAR 


CANISTER —» TANK VAPORS STOP AT TVV 


(тў FUEL BOWL SOLENOID 


IS OFF; THERMAL VENT 
VALVE IS OPEN VALVE IS COLD 
AND CLOSED 


ENGINE OFF; ENGINE COMPARTMENT ABOVE 120? F. 


(8) BOWL VAPORS FLOW 


X 5 


(Т) FUEL BOWL SOLENOID 1 УЕМТ 


IS OFF; VALVE IS VALVE IS OPEN 
OPEN 


ENGINE RUNNING; HIGH OR LOW TEMPERATURE 
r- 


CLOSED SOLENOID PREVENTS 
(2) CANISTER PURGE VACUUM FROM AFFECTING 


IS PURGING FUEL BOWL PRESSURE 
TO INTAKE 


(1) SOLENOID IS ON; 
VALVE IS CLOSED 
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. PCV AND EVAPORATIVE CONTROLS 


Fuel Bowl Ventin 


BOWL VENT CONTROL WITH VACUUM BOWL VENT VALVE (VBVV) 


* May be used with a thermal bowl vent valve 
* Can be used in place of SV-CBV as on page 3-29 


ENGINE OFF 


CARB 


(3) VAPORS FLOW THROUGH 


(2) sPRING OPENS 
VALVE 


| 
Ó 
MAN 
VAC 


NO MANIFOLD 
VACUUM 


ENGINE ON 


PULLED 
CLOSED 


(3) SPRING 
TENSION 
OVERCOME 


(4) IF τνν IS 


USED, IT 
MUST BE WARM 
TO BE OPEN 


\ 


-βῃ---»- 
| 


TO EGR-PVS 


г» 
=<) 


PURGE 
CV 


TVV 


VAPORS ARE 
STORED IN 
CANISTER 


IF VACUUM IS ON 
TO PURGE VALVE... 


(4) VAPOR FLOW 


IS BLOCKED TANK 


TO EGR-PVS 


VACUUM 


IS APPLIED CANISTER IS 


PURGED THROUGH 
RESTRICTOR TO 


PURGE VACUUM MANIFOLD 


CANNOT AFFECT 
FUEL BOWL BECAUSE 
VALVE IS CLOSED 
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Fuel Bowl Ventin 3. PCV AND EVAPORATIVE CONTROL 


BOWL VENT CONTROL WITH VACUUM/THERMAL BOWL VENT VALVE (V/T BVV) 


e Combines functions of fuel bowl solenoid and thermal vent valve. 
ο System shown is 1.9 liter 2V with manual transaxle 


COLD ENGINE COMPARTMENT (90? F. OR LESS); ENGINE ON OR OFF 


(3) VAPORS BLOCKED 
AT VALVE 


TO EGR-PVS 


(2) VALVE IS LOWER AND id 
PULLED UPPER BI-METALS TANK VAPORS ALSO 
CLOSED CONTRACT BLOCKED AT VALVE 


WARM ENGINE COMPARTMENT (120? F. OR ABOVE; ENGINE OFF) 


CARB (3) VAPORS FLOW | 
FREELY TO 
BV — CANISTER TO EGR:BVS 
=| r 
Ó FEL 4 
mi ENS 
(2) UPPER BI-METAL — a 
WARM; VALVE IS | су 


WIDE OPEN PURGE VALVE 
IS CLOSED 


| 
Ф фе 


LOWER BI-METAL 
WARM; LETS PLUNGER 
MOVE UP 


ENGINE RUNNING © 
CARE (3) BOWL VAPORS ә as z 
BLOCKED PURGE VALVE... 


TO EGR-PVS 


(2) PLUNGER PULLED DOWN; 
CLOSES VALVE | CANISTER 18 
| PURGED 
| VAC THROUGH 


RESTRICTOR TO 
MANIFOLD 
VACUUM IS 
ο 
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3. PCV AND EVAPORATIVE CONTROL Evaporative Control Systems 


WHAT CAN GO WRONG 


1. Fuel Tank Vapor Control. Leaks in the system can cause a gasoline odor complaint. A cracked canister 
can also cause a complaint of gasoline odor. 

2. Purge Control. A vacuum leak in any of the evaporative emission components or hoses can cause starting 
and performance problems; the same as any engine vacuum leak. It can also cause complaints of fuel 
odor. Incorrect connection of the components can cause rich stumble, or lack of purging (resulting in fuel 
odor). 

. Bowl Vent Control. If the bowl doesn't vent properly, there can be flooding on start-up; especially if the 
vent fails to open with the carburetor hot. Flooding can also occur if vapors back up into the carburetor 
from the canister due to a failed TVV valve. A failed open carburetor bowl vent solenoid or vacuum/thermal 
bowl vent valve can cause suction in the fuel bowl during canister purging; resulting in lean driveability 
problems. 


IMPORTANT: Short circuiting of the bowl vent solenoid will not hurt the valve, but will cause a blown 
fuse. In most systems, this fuse also supplies power to the ignition circuit; so the engine will not run. 
Any diagnosis of “по start" should include checking this fuse. 


4. A canister filled with liquid or water causes back pressure in the fuel tank. It can also cause richness or 
flooding symptoms during purge or startup. (Some trucks have intentionally pressurized fuel tank systems. 
Check the calibration and engine decal before diagnosing.) 


Here is a summary of typical evaporative system problems: 


IN THESE CONDITIONS THE RESULT IS THE SYMPTOMS CAN BE 
Carburetor bowl vent solenoid or Fuel vapors escape Gasoline odor 
vacuum valve (VBVV or V/TBVV) fail- (Leak or pressure build up) 
ed in closed or restricted condition 
Disconnected/damaged hoses to 
carburetor fuel bowl vent or 
canister 

Fill cap gasket damaged or relief 
valve leaks 

Vapor separator or hose leaks 

Canister damaged or filled with liquid 
(gas or water) 

Kinked hose from vapor separator to 
canister 

Carburetor bowl vent line blocked or 
restricted 


Purge line blocked Canister loaded with liquid fuel Gasoline odor 
Purge valve fails closed Possible flooding in some conditions 
Disconnected or leaking vacuum 
signal port on purge valve 
Purge solenoid fails closed or not 
energized 
Purge valve damaged by belts or 
pulleys 
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Evaporative Control Testing 3. PCV AND EVAPORATIVE CONTROL 


IN THESE CONDITIONS THE RESULT IS THE SYMPTOMS CAN BE 
Purge valve or solenoid fails open Purging whenever engine runs/ Нага starting 
Leaking signal port on purge shutoff cranks Poor idle 
valve Poor performance 


Engine vacuum leak; no purging; Hard starting 
Purge line leak downstream of valve canister loaded with liquid fuel Hiss noise 
Poor performance 


Bowl vent valving fails open Vacuum in bowl during purge Lean hesitation 
Poor cruise performance 


FUEL TANK SYSTEM DIAGNOSIS 
INSPECTION FOR FUEL ODOR CONDITIONS 


(1) CHECK FOR BROKEN SEAL 


CHECK FOR TIGHT 
9 INSTALLATION CHECK FOR 
KINKS: BROKEN, DAMAGED 
ESPECIALLY PARTS 
ABOVE 
TANK 


CHECK FOR HECK 
@ TIGHT TAN VAPOR HOSE FOR CHECK FOR 


BREAKS TIGHT 
INSTALLATION CONNECTION CARBON CANISTER 


FUNCTIONAL FLOW TEST 
* CAUTION: NO MORE THAN 25 PSI 


(3) REMOVE FUEL CAP INSTALL 
APPLY 2.5 PSI HAND PUMP 
sa PRESSURE e WITH TEE 
SEPARATOR иы 
VAPOR HOSE Тев 


VAPOR TUBE 


CLOSE OFF LiNE 


FUEL FILL PIPE VAP 
FUEL TANK αμα 


CARBON CANISTER 


PRESSURE SHOULD DROP TO ZERO IMMEDIATELY STEP (дов STEP (3) 
IF NOT, LOCATE BLOCKAGE IN SYSTEM. 
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3. PCV AND EVAPORATIVE CONTROL Evaporative Control Testing 
ln C m C—— À——————————————'Ár'Y n n —) ODOIBILLLLILL|,E.kLL,L,L.L,L0,..DD OULIeL'!PLLZLÓTInLLIAAYLLLGLOLLUÁLLL.][hGILXIYO"l?UÁóAOAAnuió SS 


PURGE SYSTEM FUNCTION TEST 


e Engine won't start: steps (Т) and (2) 
* Engine starts and runs: step (2) only. 


PURGE LINE 


CONNECTED TO CANISTER 
PURGE LINE 


CANISTER MOUNTED REMOTE MOUNTED INLINE 


(%) If the engine will not start, disconnect the purge line from the purge control valve and plug the line. 
(The purge line can be disconnected anywhere between the valve and the engine. Plug the engine side.) 
Attempt to start the engine. 


° If the engine starts, reconnect the line and proceed to step (2). 


e If the engine still doesn’t start, the purge system may not be the cause. Refer to Diagnosis 
Routine 201 in the Service Manual Volume H. 


e Reconnect the hose if you are going to the Diagnosis Routine. 


With the engine off, disconnect and plug the purge line hose (as described in step (%) ). Ргосиге а 
2 feet to 3 feet length of quarter inch hose and attach it to the canister side of the purge valve/purge line. 


A. Try to blow air through the hose and valve with the engine off. The valve should be closed and not 
pass air. 


B. Start the engine and allow it to warm up. Then try to blow through the hose while raising the engine 
speed to about 2000 RPM. It should be possible to blow through the hose. 


If condition A or B is not met, either the valve is defective or it is not getting a proper vacuum signal. 
Check for vacuum at the signal vacuum port if condition B is not met. 


C. Return the engine to idle and try again to blow through the hose. The valve should be closed and 
block air flow. 


D. Replace the valve if it did not function properly. 
E. Remove the hose and plug from the purge line and reconnect the hoses. 


NOTE: A few canister purge valves have an internal “bleed purge" built in. For these valves, test 
A will allow a slight air flow. This is acceptable so long as test B allows a higher flow volume. 
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Evaporative Control Testin 3. PCV AND EVAPORATIVE CONTROL 


HOW TO TEST CANISTER PURGE VALVE 
VACUUM ON, VALVE OPEN TEST 


(1) APPLY AND TRAP VACUUM BLEED-OFF MUST 
5 INCHES VACUUM BE LESS THAN 1 INCH 
TO SIGNAL VACUUM PER SECOND 
PORT "A" 


PORT 
A 


APPLY 
VACUUM 


(з) WITH VACUUM 
HELD BLOW INTO “В” —— (2) IT MUST BE EASY TO 
PORT. BLOW AIR INTO PORT B 


VACUUM OFF, VALVE CLOSED TEST 


(6) APPLY 16 INCHES VACUUM DISCONNECT 
TO PORT “С” VALVE MUST VACUUM 
HOLD VACUUM. SOURCE; LEAVE 
* BLEED OFF CANNOT EXCEED OPEN TO AIR 
1 INCH PER SECOND 


TEST RESULTS 

1. REPLACE THE VALVE IF IT FAILS STEP (2), (4) or (6). 

2. VALVE WITH INTERNAL “BLEED PURGE” MAY HAVE SOME FLOW IN STEP 6. THIS IS NORMAL. 
TEST THESE VALVES AS IN STEPS(2) B AND (2) С ON PRECEDING PAGE. 


NOTE: FOR “REVERSE LOGIC” CANISTER PURGE SHUTOFF VALVE TEST, SEE VACUUM BOWL 
VENT VALVE (VBVV) TEST ON PAGE 3-38. 
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. PCV AND EVAPORATIVE CONTROLS Evaporative Control Testin 


HOW TO TEST EGR-PVS (2-PORT OR 4-PORT) 
* Test if purge function doesn't work but purge valve is okay. 
• Start test with cold engine (80° F. or colder). 


(2) CONNECT VACUUM GAUGE 


TO ONE PORT AND 
(D bisconnecr REMOTE VACUUM 
UPPLY TO OTHER (3) APPLY 10 INCHES 


HOSES Z VACUUM TO VALVE 


SENSOR COLOR 
CODE 


OPERATE ENGINE (4) SEE IF THERE IS 

UNTIL COOLANT A VACUUM READING 

WARMS ABOVE ON THIS GAUGE. IF 
PVS SETTING THERE IS, PVS IS 


(6) REPEAT step (3) moe 


ABOVE. VACUUM SHOULD 
REGISTER ON GAUGE IMMEDIATELY. 
IF IT DOESN'T, OR BUILDS SLOWLY, - 


SENSOR PVS IS DEFECTIVE. 


4-PORT 


NOTE: TEST BOTH UPPER AND LOWER VALVES ON THE 4-PORT VALVE 
REPLACE THE PVS IF IT FAILS EITHER TEST ABOVE. 


HOW TO TEST 3-PORT PVS (HCV OR EGR PVS) 


Apply vacuum to the center port of the PVS. Attach two vacuum gauges; one to the top and one to the bottom 


ports. 
ο With the engine cold, the top and center port gauges must read the same. The bottom port must read 


zero vacuum. 
* With the engine warm, the top gauge must go to zero and the bottom gauge must build to source vacuum. 


VACUUM WILL BE EQUAL 
TO SUPPLY BELOW TEMPERATURE 


SETTING 
Æ APPLY VACUUM 
OPEN TO TO CENTER PORT 
COMMON PORT 


WHEN COLD 


COMMON 
PORT 


OPEN TO 
COMMON PORT 


WHEN WARM 
а VACUUM EQUAL TO 
SUPPLY ABOVE 
SENSOR TEMPERATURE SETTING 


REPLACE THE PVS IF IT FAILS THE COLD OR HOT TEST 
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Evaporative Control Testing 


3. PCV AND EVAPORATIVE CONTROLS 


HOW TO TEST CANISTER PURGE SOLENOID (CPRV) 


VALVE MUST 
NOT PASS AIR 


IMPORTANT CAUTION: DO NOT 
ALLOW JUMPERS TO CROSS IF 
USING VEHICLE BATTERY. THIS 
COULD CAUSE FIRE OR SEVERE 
BURNS. A DRY CELL BATTERY 
IS RECOMMENDED. 


+ 


APPLY 5 INCHES 
VACUUM AND 
TRAP (SOLENOID OFF) 


(3) ENERGIZE SOLENOID 


WITH JUMPER WIRES... 
VALVE MUST OPEN 


HOW TO TEST THE FUEL BOWL VENT SOLENOID (SV-CBV) 


@ BLOW THROUGH 
VALVE WITH NO 
POWER TO 
SOLENOID. SHOULD 
BE FREE AIR FLOW. 


IMPORTANT CAUTION: DO NOT 
ALLOW JUMPERS TO CROSS IF 
USING VEHICLE BATTERY. THIS 
COULD CAUSE FIRE OR SEVERE 
BURNS. A DRY CELL BATTERY 
IS RECOMMENDED. 
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(2) ENERGIZE 


SOLENOID 
* VALVE MUST 
NOT PASS AIR 


REPLACE THE 
VALVE IF IT 
FAILS THIS 
TEST 


3. PCV AND EVAPORATIVE CONTROLS Evaporative Control Testing 


HOW TO TEST THERMAL BOWL VENT VALVE 


-——À WITH ENGINE COLD (BELOW 905 Ε), 
BLOW INTO VALVE. NO FLOW SHOULD 
OCCUR. 


(2) REPEAT WITH ENGINE FULLY WARMED. 
FLOW SHOULD OCCUR. (VALVE FULLY 
OPEN ABOVE 120° F.) 


NOTE: * IF YOU CONTINUE TO BLOW INTO VALVE, IT WILL COOL AND CLOSE 


HOW TO TEST VACUUM BOWL VENT VALVE (VBVV) OR CANISTER 
PURGE SHUTOFF VALVE (CSOV) 


APPLY 5 INCHES VACUUM 

Φ TO PORT B AND TRAP @ BLOW INTO PORT A. 
VACUUM MUST NOT LEAK VALVE SHOULD ALLOW 
FASTER THAN 1 INCH FREE FLOW 
PER SECOND. 


(3) WHILE HOLDING VACUUM 
AT PORT B, TRY TO 
BLOW INTO PORT A. 15 TO 40 INCH 
W MUST BE BLOCKED HOSE; 3/16 INCH DIAMETER 
ΠΗ KED. REPLACE VALVE IF IT FAILS TEST (1) ORG) 


HOW TO TEST VACUUM/THERMAL BOWL VENT VALVE (VTBVV) 


(2) WARM VALVE OR ALLOW IT TO WARM (Т) WITH VALVE COLD, BLOW 
ABOVE 120? F. AGAIN BLOW INTO PORT A. iN: PORT A. VALVE 


* VALVE MUST PERMIT AIR FLOW. HOULD NOT ALLOW FLOW 


* IF YOU CONTINUE BLOWING, VALVE 
WILL COOL AND CLOSE. 


(з) WITH VALVE STILL WARM, APPLY 
5 INCHES VACUUM TO PORT 
B AND TRAP. 
* VACUUM MUST HOLD 
* VALVE MUST NOT 
PERMIT FLOW 
WHEN YOU BLOW 
INTO PORT A. 


15 TO 40 INCH HOSE; 
3/16 INCH DIAMETER 
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Section 4 
EXHAUST GAS RECIRCULATING (EGR) SYSTEMS 


INTRODUCTION 


Exhaust gas recirculating (EGR) systems are used to control emissions of oxides of nitrogen (NOx). The EGR system 
dilutes the air-fuel mixture with controlled amounts of exhaust gas. Since exhaust gas doesn't burn, this reduces 
the peak combustion temperatures. At lower combustion temperatures, very little of the nitrogen in the air combines 
with oxygen to form NOx. Most of the nitrogen is simply carried out with the exhaust gases. 


CONTROL FUNCTIONS 


1. It is desirable for driveability/performance to have the EGR valve opening (and the amount of gas flow) 
proportional to throttle opening. 


2. Driveabililty is also improved on most applications by shutting off the EGR when the engine is started up 
cold, at idle, and at full throttle. 


Since the NOx control requirements vary on different engines, there are several different systems with various 
controls to provide these functions. 


PORTED EGR VALVES 

e EXTERNAL ENTRY AND BASE ENTRY 

* TEMPERATURE/VACUUM CONTROL 

« EGR SHUTOFF SOLENOID CONTROL (EEC) 


BACKPRESSURE TRANSDUCER EGR VALVES/SYSTEMS 
* INTEGRAL BACKPRESSURE TRANSDUCER VALVE 
* VALVE AND REMOTE BACKPRESSURE TRANSDUCER ASSEMBLY 


* BACKPRESSURE VARIABLE TRANSDUCER (BVT) CONTROL 


CLOSED-LOOP ELECTRONIC CONTROL EGR SYSTEMS 

* POSITION SENSING WITH SOLENOID VACUUM CONTROL 
ο PRESSURE SENSING WITH ΕΝΗ VACUUM CONTROL 

* POSITION SENSING WITH EVR VACUUM CONTROL 
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4. EGR SYSTEMS Installation and Functions 
CONTROLLING NOx EMISSIONS 


The modern engine uses the EGR system to advantage 
in several ways. But its first function was, and continues 
to be, the control of "oxides of nitrogen" emissions in 
the exhaust. 


COMBUSTION 
CHAMBER 


Oxides of nitrogen are compounds of two elements or 
substances that are the main components of our air. 


O—Oxygen (about 20%) 
N—Nitrogen (about 80%) 


This air, of course, must be “breathed” and used in the 
gasoline engine. The oxygen is used in burning the fuel: 
and ideally the nitrogen just passes through into the 
exhaust. 


FORMATION OF NOx 


However, if the combustion temperatures in the engine 
are very high, a chemical reaction takes place between 
nitrogen (N) and oxygen (O) in the engine's combustion 
chamber. This chemistry produces compounds of the 
two (N and O) called oxides of nitrogen. We abbreviate 
this term to NOx, and it is popularly pronounced “nox”. 
(X refers to varying amounts of oxygen.) 


HARMFUL EFFECTS 
NOx emissions are considered harmful by the Environmental Protection Agency (EPA). Some can be poisonous 


if inhaled in large amounts. Others can form acid in the presence of sunshine and hydrocarbons (HC); and this 
acid helps form "smog". It especially contributes to the eye-smarting and coughing effects of smog. 


REDUCING THE COMBUSTION TEMPERATURE 


The basic alternatives for reducing NOx formation are: 


1. Richen the air-fuel ratio to run cooler. This, of course, hurts fuel economy and increases other harmful emissions 
(unburned hydrocarbons and carbon monoxide). 


2. Lower the compression ratio. Compression ratios have been lowered in recent years to be able to use lead- 
free gasoline. However, too low a ratio again leads to inefficient fuel burning and high emissions of HC. 


3. Recirculate some of the exhaust gas. This is the best way found to lower combustion temperature and reduce 
NOx emissions; without compromising the engine's fuel economy, performance and HC emission control. 


The exhaust gas recirculating (EGR) system feeds some of the "spent" exhaust gas back through the cylinders 


to reduce the combustion temperature. This section describes how that is done; and what you should know to 
diagnose and service the EGR system properly. 
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Installation and Functions 4. EGR SYSTEMS 
 ——rm ———-—-----—-—-—-—-—-—-—-—----—-—-—-—-—-—— 


HOW EGR VALVES AND SYSTEMS WORK 


VALVE INSTALLATION AND FUNCTION 


EGR VALVE 


The EGR valve is a vacuum-operated flow valve. It is 
usually attached to a spacer which fits between the 
carburetor (or throttle body) and the intake manifold. 


In a base-entry EGR system, exhaust gas is supplied 
to the EGR valve from the exhaust crossover passage 
in the intake manifold (see illustration). 


A small port leading from the exhaust crossover indexes CARBURETOR 
with a passage in the carburetor spacer. This passage SPACER 
matches an inlet port in the EGR valve. When vacuum 
is applied to the EGR valve it opens, allowing exhaust 
gas to flow from the EGR valve outlet port and back 
into the carburetor spacer. Here, the exhaust gas mixes T 
^ ; i 4 EXHAUST y 
with the fuel mixture leaving the carburetor on its way GROSSOVER тее 
to the intake manifold and combustion chambers. PASSAGE MANIFOLD 


The amount of exhaust gas that flows depends on the 
type of valve control; and the operating condition. 


BASE ENTRY EGR VALVE INSTALLATION 


PRIMARY 


EXTERNAL ENTRY EGR VENTURI 
INSTALLATIONS IE 


EXHAUST 


An external entry EGR valve can be mounted directly MANIFOLD 


to the intake manifold or to a spacer plate. 


Instead of an exhaust crossover passage, it has an 
external EGR tube connection. 


Exhaust gas is supplied to the valve through an EGR 
tube from the exhaust manifold. 


The system functions are the same as the base entry 
system. 


INTAKE EGR 
MANIFOLD VALVE 


SIDE ENTRY INSTALLATION 
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4. EGR SYSTEMS Ported EGR Valve 
PORTED EGR VALVE 


HOW IT WORKS 

The ported EGR valve is the simplest design. It is 
controlled by a vacuum signal to a port above its 
diaphragm. 


* When the vacuum overcomes the force of the ||| 
diaphragm spring, the valve рорреї or pintle unseats. Ú ` | 


Й 4 


p 
This allows EGR exhaust gas to flow. ?, εν -----7 | 
DEM {ει 
The spring balances the force of the vacuum, so that vits Dnus 
the control orifice opening and the amount of gas OUTLET (VALVE HAS TAPERED PINTLE ALSO) 


flow depend upon the strength of the vacuum signal. 
BASE ENTRY, POPPET TYPE 


When the vacuum is decreased, the spring pushes 
the valve closed, stopping EGR gas flow. 


In the base entry type valve, exhaust gas is supplied 
through the crossover passage in the intake 
manifold. 


In the external entry valve, an external tube from the 
exhaust manifold supplies exhaust gas to the valve. 


= 
The gas inlet is always at the valve poppet or pintle. С + 


OUTLET 
EXTERNAL ENTRY, TAPERED PINTLE 


TEMPERATURE CONTROLLED VACUUM SYSTEM 
In anon EEC engine, the ported EGR valve is controlled by a ported vacuum switch (EGR-PVS) which responds 
to coolant temperature change. It may also have an air cleaner temperature control (TVS or CWM) 


TEMPERATURE VACUUM 

SWITCH (TVS) MAY BE 

USED TO BLOCK VACUUM 
(з) EGR PVS BLOCKS WITH COLD AIR CLEANER. 
VACUUM WITH 
COLD COOLANT 


OPENS WARM 


(COLD WEATHER 
MODULATOR (CWM) 
MAY BE USED IN 


PLACE OF TVS) 
-——(2) FUEL 


SEPARATOR 
ON SOME 
SYSTEMS 


> 
kr 
< 
o 


(4) vacuum 74 


SOURCE IS N 
"E" OR "S" 

PORT, OPEN (5) VACUUM LINE 
ONLY OFF TO EGR VALVE 
IDLE DIAPHRAGM 
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Ported EGR Valve 4. EGR SYSTEMS 


PORTED EGR VALVE OPERATION WITH PVS CONTROL 


ο PVS installed in water jacket; senses engine coolant temperature 
e Source is EGR vacuum. Throttle must be part open to supply vacuum 


ENGINE COLD 
(3) THE VALVE “Е” PORT 
IS CLOSED UNTIL ENGINE 


DIRECTED TO THE “S” 
Е 7 COOLANT WARMS UP... 


PORT OF THE EGR-PVS 


SO THERE IS NO VACUUM TO 
THE EGR VALVE DIAPHRAGM. 


THE EGR VALVE 
SPRING HOLDS THE 
VALVE CLOSED. 


HEATER HOSE OR 
CONNECTION 


EXHAUST GAS 
BLOCKED 
AT THE VALVE... 


VACUUM FROM A SPECIAL 
EGR PORT ON THE 
CARBURETOR... 


ENGINE HOT 


(8) THE VALVE OPENS AND 
ALLOWS EGR VACUUM 


(7) AS THE ENGINE COOLANT TO GO TÓ THE “E” PORT. 
REACHES THE TEMPERATURE AND OPENS THE VALVE. 


SETTING OF THE 
VACUUM VALVE... 


(э) ` THE VACUUM OVERCOMES 
THE EGR VALVE SPRING 


(0) EXHAUST GAS THEN 
CAN RECIRCULATE 
THROUGH THE 
VALVE... 


SOME ENGINES ALSO 
HAVE A TEMPERATURE 

VACUUM SWITCH EXHAUST GASES 

(TVS) IN THE VACUUM 

LINE TO LOCK OUT TO THE INTAKE 
EGR VACUUM WHEN κ MANIFOLD 
AMBIENT AIR IS COLD. EGR VACUUM 
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4. EGR SYSTEMS Ported EGR Valve 


PORTED EGR VALVE WITH COLD AMBIENT AIR LOCKOUT 


e Prevents EGR operation when intake air is cold. 
e Otherwise operates same as PVS Control — Engine Hot. 


(EGR-Pvs) { 
OPEN OR 
CLOSED 


NC „—(2) сор TEMPERATURE fF 
VACUUM SWITCH (TVS) 


OR COLD WEATHER 
MODULATOR (CWM) 
vg" PORT BLOCKS VACUUM 


NOTE: TVS MAY BE USED WITHOUT PVS ON SOME CALIBRATIONS AS 
THE ONLY COLD-OFF; WARM-ON VACUUM CONTROL 


HOW THE AIR CLEANER VACUUM SWITCHES WORK 


COLD WEATHER MODULATOR TEMPERATURE VACUUM SWITCH (TVS) 
* Used originally as a cold vacuum trap e Senses inlet air temperature 

* Also can be used as on-off switch ο On-off control only 

e Senses inlet air temperature * Looks identical to CWM 


SYMBOL 


SYMBOL 


WARM 


BI-METAL INDICATES 
OPENS TEMP. 


SOURCE VALVE SETTING 


" 


(1) LARGE PORT 
TO VACUUM 
SOURCE 


U 
2 
2 
Zs 


VACUUM 
OUT WARM 


COLD BMETAL (4) CHECK VALVE IS 
CLOSES PORT FOR VACUUM TRAP BI-METAL DISC SEALS 
FUNCTION ONLY. SOURCE PORT (AGAINST 
“Ὁ” RING) COLD; 
OPENS PORTS WARM 
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Ported EGR Valve 4. EGR SYSTEMS 


PORTED EGR VALVE WITH EGR SHUTOFF SOLENOID 

ο Used on some EEC-IV systems (2.3L Turbo illustrated) 

e Solenoid turned on and off by ECA (Normally closed; open energized) 
ο Turbo warning switch not part of EGR System 


(4) VACUUM CHECK (1) MANIFOLD 
VALVE PREVENTS VACUUM 
"BACK-FLOW" OF IS SOURCE 
VACUUM 


EGR SHUTOFF 

SOLENOID 

VACUUM VALVE 

* OFF IN COLD 
START, CLOSED 
THROTTLE OR 
WIDE-OPEN 
THROTTLE 
OPEN WARM 
OR HOT CRUISE 


VACUUM 
TO TURBO 
WARNING 
SWITCH 
(REF) 


RESTRICTOR CONTROLS 
VACUUM FLOW TO VALVE 


EGR SHUTOFF SOLENOID (NORMALLY CLOSED) SOLENOID VACUUM VALVE 


ο Same as EGR control solenoid on sonic (electronic) EGR systems 


ATMOSPHERIC 


VENT 
MOLDED 


CONNECTOR 


SHUT-OFF 
SOLENOID 
SPRING 


OUTLET PORT 


INLET PORT 


CROSS-SECTION INSTALLATION 
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4. EGR SYSTEMS Ported EGR Valve 


EGR SYSTEM OPERATION WITH SHUTOFF SOLENOID 
e 23 Liter Turbo EFI illustrated 


CRANKING, COLD START, CLOSED THROTTLE, WIDE-OPEN THROTTLE 


(1) ECA DE-ENERGIZES 
SOLENOID 

(4) NO VACUUM 
TO EGR 
DIAPHRAGM 


VACUUM 


(5) VALVE CLOSED 


.— RESTRICTOR "i dds ( Ж/////, 


(6) No GAS FLOW 
TO OUTLET 


WARM TO HOT ENGINE; PART THROTTLE OPERATION 


(3) VACUUM APPLIED 
Z TO EGR DIAPHRAGM 


(1) ECA ENERGIZES 
SOLENOID 
(2) DIAPHRAGM 
PULLED UP 
VACUUM 


Z 


RESTRICTOR CONTROLS 
VACUUM RATE 


TO INTAKE 
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Ported EGR Valves Diagnosis 4. EGR SYSTEMS 


WHAT CAN GO WRONG (DIAGNOSIS PRINCIPLES) 

THE DIAGNOSIS AND TESTING INFORMATION IN THIS SECTION IS VERY BRIEF AND GENERAL. IT 
IS INTENDED ONLY FOR TRAINING. FOR COMPLETE DETAIL AND SPECIFIC PROCEDURES FOR 
VEHICLE AND MODEL YEAR, REFER TO SHOP MANUAL VOLUME H, SECTION 6. 


The amount of EGR gas flow is carefully calibrated for every engine. If there is too much or too little, it can 
cause performance problems by changing the engine breathing characteristics. Also, with the little EGR flow, 
the engine can overheat and detonate. Typical problems that show up in ported EGR systems are: 


ROUGH IDLE - This can be caused by an EGR valve stuck open, PVS failed open, dirt on the valve seat, 
or loose mounting bolts. Loose mounting will cause a vacuum leak and a hissing noise. A stuck valve can 
be diagnosed by the functional test next page and by visual inspection. 


SURGE, STALL OR WON'T START - Can be caused by the valve stuck open. 


DETONATION (SPARK KNOCK) - Any condition that prevents proper EGR gas flow can cause detonation. 
This includes a valve stuck closed, leaking valve diaphragm, restrictions in flow passages, EGR 
disconnected, or a problem in the vacuum source. On engines with high spark advance, detonation 
is serious enough to destroy an engine. 


LEAD “POISONING” - If leaded gas is used improperly, it can cause deposits on the seat and valve. This 
will restrict flow, causing detonation and possibly overheating. 


Here is a summary of typical EGR system problems: 


THE RESULT CAN BE THE SYMPTOMS CAN BE 


IN THESE CONDITIONS 


Detonation 
(spark knock) 


Vacuum leak or loss Valve doesn't open 


(or opens too little); 


TVS, PVS or CWM Low or no exhaust 
fails "closed" gas flow 


Engine overheat 


Valve sticks closed 
Leaking valve diaphragm 


Shutoff solenoid fails 
closed or no power 


EGR valve gasket leak 


Blocked flow passages 


Valve open too far; 
sticking open 

TVS or PVS 

fails "open" 

Shutoff solenoid fails open 


Too much exhaust gas 


flow 
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Fails emission NOx test 
Rough idle 


Low power 


Poor fuel economy 


Engine stalls after cold 
start 


Engine stalls on deceleration 


Vehicle surges during cruise 
Rough idle 
Sluggish; poor performance 


Poor fuel economy 


4. EGR SYSTEMS Testing Ported EGR Systems 
HOW TO TEST PORTED EGR SYSTEMS 


HOW TO TEST A PORTED EGR VALVE ON THE ENGINE 


* Run engine until warm to open PVS (should be open if upper radiator hose is hot). 
* Checks valve operation only. If okay, check gas flow also. 


(1) OPEN AND CLOSE O Ms 
VALVE 
THROTTLE RESULTS 


* STEM MOVES OUT: 
BACK IN WHEN 
THROTTLE IS 
RELEASED: VALVE OK 
DOESN'T MOVE: TEST 
FOR LEAKING 
DIAPHRAGM OR LOSS 
OF VACUUM/ 
DIAPHRAGM 


HOW TO PERFORM AN EGR GAS FLOW TEST 


* Engine running at hot curb idle 


(2) ATTACH 


HAND VACUUM 
PUMP TO DIAPHRAGM 


RESULTS 
ο IDLES ROUGH, STALLS 
AS VALVE OPENS: GAS 
(3) APPLY 15 FLOW OK 
INCHES STEM MOVES, BUT NO 
VACUUM CHANGE IN IDLE: 
IN STEPS REMOVE VALVE TO 
LOCATE GAS FLOW 
RESTRICTION 
STEM DOESN'T MOVE: 
DIAPHRAGM LEAKS; 
INSTALL A NEW EGR 


VALVE 
(4) WATCH STEM 
FOR MOVEMENT 


IMPORTANT: THIS TEST WILL NOT WORK FOR A VALVE WITH INTEGRAL BACKPRESSURE 
TRANSDUCER. 
IT WILL WORK FOR A SONIC VALVE, BUT THE STEM WILL NOT BE VISIBLE. 
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Testing Ported EGR Systems 4. EGR SYSTEMS 


VALVE DIAPHRAGM LEAK TEST 
ο Check for symptoms of low or no gas flow 
ο Engine off 


(1) ATTACH 


HAND VACUUM SESULTS 
PUMP 
ырды pin Ea e HOLDS AT LEAST 7 
INCHES: DIAPHRAGM IS 
OKAY 
VALVE LEAKS DOWN OR 
DIAPHRAGM WON'T HOLD: REPLACE 
A EGR VALVE 
I STEM MOVEMENT NOT 
® (9 WATCH WITH SMOOTH: REMOVE 
VALVE FOR BENCH 


SECOND HAND 
FOR 30 SECONDS INSPECTION/TEST. 


IMPORTANT: THIS TEST DOES NOT WORK IF THE VALVE HAS AN INTEGRAL BACKPRESSURE 
TRANSDUCER 


SOURCE VACUUM TEST 
* May be "S" port or "E" port vacuum 
* Plugged port can cause no EGR operation 
* Engine running 
ο Vacuum must be zero at closed throttle ("S" or "E") 
RESULTS 
* VACUUM AT OFF-IDLE 
AND DECREASING AT 
HALF THROTTLE: OK 
NO VACUUM; LOW 
VACUUM: CHECK FOR 
OBSTRUCTION 


(3) CHECK FoR 
VACUUM OFF IDLE 
(2) ATTACH VACUUM GAUGE AND AT HALF 
TO SUPPLY PORT THROTTLE 


IF THE SOURCE VACUUM IS GOOD, BUT VACUUM ISN’T GETTING TO VALVE DIAPHRAGM, INSPECT 
LINES AND TEST VACUUM SWITCHES/VALVES 
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4. EGR SYSTEMS Ported EGR Testing 


HOW TO TEST EGR-PVS (2-PORT OR 4-PORT) 


e For bench test, heat and cool sensor. 


(2) CONNECT VACUUM GAUGE 
TO ONE PORT AND 
REMOTE VACUUM 
(%) REMOVE SUPPLY TO OTHER 
BOTH HOSES 


FROM PVS (8) APPLY 10 INCHES 
Z VACUUM TO VALVE 


@ SEE IF THERE IS 
A VACUUM READING 
ON THIS GAUGE. SHOULD 
BE NO VACUUM COLD. 

(5) OPERATE ENGINE UNTIL 
COOLANT WARMS ABOVE 
PVS SETTING. GAUGE MUST 
IMMEDIATELY READ APPLIED VACUUM. 


NOTE: TEST BOTH UPPER AND LOWER VALVES ON 4-PORT VALVE 
REPLACE THE PVS IF IT FAILS THE HOT OR COLD TEST 


HOW TO TEST THE THERMAL VACUUM SWITCH (TVS) OR COLD WEATHER 
MODULATOR (CWM) 

* Test in or out of air cleaner housing 

ο Engine off before cooling with R-12. Wear goggles. 


SMALL PORT 
OPEN 


<——(2) COOL WITH R-12; 
THEN HEAT 
e MUST HOLD 


VACUUM COLD 


e MUST RELEASE 
(1) ATTACH VACUUM SOURCE VACUUM HOT 
TO LARGE (CENTER) PORT 


APPLY 16 INCHES 
VACUUM AND TRAP 
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Ported EGR Testing 4. EGR SYSTEMS 


HOW TO TEST EGR SHUTOFF SOLENOID 


ENERGIZE SOLENOID 
Ө ° MUST CLICK IN pes 
• PORTS MUST PASS AIR w 


@ BLOW THROUGH IMPORTANT CAUTION: DO NOT 
VALVE, MUST ALLOW JUMPERS TO CROSS ΙΕ 
NOT PASS AIR USING VEHICLE BATTERY. THIS 
DE-ENERGIZED COULD CAUSE FIRE OR 
: SEVERE BURNS. А 
DRY CELL BATTERY 
IS RECOMMENDED. 


EGR VALVE BENCH TEST AND INSPECTION 


* Tap the valve; turn the stem; open and close to clear out contamination 
ο Sticking valve may be able to be cleaned up and reused 


RESULTS: 
* CLEAN-UP PASSES 
CLEAN EGR VALVE TEST: COMPLETE 
CLEANING AND 
REINSTALL 


FAILS TEST: INSTALL 
(2) APPLY VACUUM NEW VALVE 
SMOOTHLY FROM 
2 TO 10 INCHES 


WATCH STEM: 

* MUST MOVE EVENLY 

* NO STICKING OR CLATTER 

NO VALVE NOISE OR VIBRATION. 


CORRECTING THE CAUSE OF VALVE DEPOSITS 


Deposits collect on the valve poppet or stem;and in 
ports 


DEPOSITS 


Black deposits are carbon and indicate a rich 


exhaust condition. The carburetion should be 
checked. 


Brown or beige deposits come from leaded gas; 
sometimes gray deposits. If leaded gas is being used 
improperly, the customer should be advised to use 


POPPET 
unleaded gas as specified for the vehicle. 
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4. EGR SYSTEMS 
BACK-PRESSURE TRANSDUCER EGR VALVES AND SYSTEMS 


Back pressure transducers improve driveability by modulating the EGR vacuum so that the amount of gas flow 
is proportional to throttle opening. They do this by sensing the exhaust system back pressure and bleeding off 
some of the vacuum when the back pressure is low. Since exhaust back pressure depends on engine load, it is 
the equivalent of a throttle opening signal. 


The first back pressure EGR systems (from the mids 1970's) used transducers that sensed only the exhaust back 
pressure. In the 1980's a back pressure variable transducer (BVT) system incorporated a regulator that senses 
exhaust back pressure and EGR chamber pressure for even more accurate control of EGR flow. 


INTEGRAL BACK-PRESSURE TRANSDUCER EGR VALVE 
ο Source vacuum is “Е” port or “S” port; same as ported valve 
ο Controlled by EGR-PVS, same as ported valve 


(з) VACUUM BLEED HOLE BASIC NUMBER 9D448 
PERMITS IDENTIFIES BACK-PRESSURE 
AIR FROM AIR VENTS TO CONTROLLED VALVE 
BLEED INTO VACUUM 
CHAMBER 


VACUUM NIPPLE 
(2) PRESSURE ACTS EGR VALVE 
ON TRANSDUCER SPRING 
DIAPHRAGM IN 
EXHAUST 


TRANSDUCER SPRING 


AIR VENTS 


DIAPHRAGM = Les FILTER 


(4) TRANSDUCER DIAPHRAGM 
У Ре MOVES UP OR DOWN 
EGR a η IRE AS EXHAUST 
VALVE SEAT ΄ PRESSURE CHANGES; 
AND CONTROLS 
AIR VENTING THROUGH 
BLEED HOLE. 


p 


a 
SSS 


@ HOSES IN VALVE ORIFICE EGR GAS OUTLET 
STEM PERMIT SENSING 
OF EXHAUST GAS EGR GAS INLET 
PRESSURE THROUGH 
HOLLOW STEM. EXHAUST 
BACK-PRESSURE 
INLET 
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Backpressure EGR Control 4. EGR SYSTEMS 
Е 


INTEGRAL TRANSDUCER VALVE OPERATION AT IDLE OR LIGHT LOAD 


e Exhaust back pressure is low at idle or light load 
ο Vacuum is zero at closed throttle; equal to manifold vacuum with throttle open 
ο |f EGR-PVS is open (engine warm) transducer bleeds off vacuum 


(6) ..SO THAT AIR PURGES 
EGR VACUUM ABOVE 
DIAPHRAGM. 


(5) SPRING TENSION ALSO 
(T) ATMOSHERIC PRESSURE KEEPS VACUUM BLEED OPEN 
AND EGR VALVE SPRING IN VALVE... 


PRESSURE... $ 
_ — (4) ..TO OVERCOME 
«κ S= N TRANSDUCER VALVE SPRING 
А; = TENSION WHICH HOLDS 

DIAPHRAGM IN DOWN 
POSITION. VENTS ARE OPEN 
TO ALLOW AIR ABOVE 
DIAPHRAGM. 


...АМО DIRECTED ТО 
UNDERSIDE OF TRANSDUCER 
...CLOSES EGR VALVE TO q IE DIAPHRAGM. PRESSURE IS 
BLOCK EXHUAST GAS TOO WEAK... 
RECIRCULATION TO 172222222 E 
2 


INTAKE MANIFOLD. E 


ш/ ва? 


@ EXHAUST GAS FLOW FROM (2) EXHAUST BACK-PRESSURE 
CROSSOVER IN INTAKE PICKED UP AT OPENINGS IN 
MANIFOLD CONTROLLED HOLLOW VALVE STEM... 

BY SIZE OF ORIFICE. 
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4. EGR SYSTEMS Backpressure EGR Control 


INTEGRAL TRANSDUCER VALVE OPERATION WITH MODULATING CONTROL OF 
VACUUM: CRUISE AND HEAVY LOAD 


e Exhaust back pressure is high 
e EGR vacuum is strong (equal to manifold vacuum) 
ο PVS must be warm and open 


(6) STRONG EGR VACUUM ACTING 
ON DIAPHRAGM OVERCOMES 
SPRING TENSION TO OPEN (5) DIAPHRAGM CLOSES VACUUM 
EGR VALVE. BLEED HOLE TO BLOCK AIR 
AND PREVENT PURGING OF 
VACUUM. 


...AND OVERCOMES 
TRANSDUCER VALVE SPRING 
TENSION TO FORCE 
DIAPHRAGM UP. 


...AND DIRECTED TO 


(7) OPEN EGR VALVE ALLOWS UNDERSIDE 


RECIRCULATION TO OF TRANSDUCER 
¿ DIAPHRAGM. 
COOL COMBUSTION | 
CHAMBER TEMPERATURES ; τ PRESSURE IS VERY 
TO REDUCE EMISSIONS " 
OF NOx. 


TO INTAKE MANIFOLD 


EXHAUST GAS FLOW FROM (2) EXHAUST BACK-PRESSURE 
EGR TUBE IS CONTROLLED PICKED UP AT OPENINGS IN 
BY SIZE OF ORIFICE. HOLLOW VALVE STEM... 


AS EXHAUST GAS RECIRCULATION TAKES PLACE, EXHAUST BACK- 
PRESSURE DROPS DUE TO INTAKE MANIFOLD VACUUM AT EGR OUTLET 
PASSAGE AND RESTRICTION AT EGR INLET ORIFICE. 


* SYSTEM WILL SEEK A BALANCED CONDITION TO PROVIDE OPTIMUM 
RECIRCULATION FOR EXHAUST AND SOURCE VACUUM CONDITIONS. 


* INCREASE OR DECREASE IN ENGINE LOAD WILL CAUSE SYSTEM TO 
MODULATE RECIRCULATION AT A GREATER OR LESSER EGR FLOW. 
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Backpressure EGR Control 4. EGR SYSTEMS 


INTEGRAL TRANSDUCER VALVE OPERATION AT WIDE OPEN THROTTLE 


e Exhaust back pressure is high 
ο Vacuum is very weak 
ο Air bleed is closed off and valve operates the same as a ported EGR valve 


(6) EGR SOURCE VACUUM 15 
VERY LOW DURING (5) DIAPHRAGM CLOSES VACUUM 


WIDE-OPEN THROTTLE BLEED HOLE TO BLOCK AIR 
AND MAY BE TOO WEAK TO AND PREVENT PURGING OF 


OVERCOME SPRING VACUUM. 
TENSION. 


(4) ..AND OVERCOMES 
TRANSDUCER VALVE SPRING 
TENSION TO FORCE 
DIAPHRAGM UP. 


EGR VALVE CLOSES AND ..AND DIRECTED TO 
EXHAUST GAS UNDERSIDE OF TRANSDUCER 


RECIRCULATION IS BLOCKED [f DIAPHRAGM. _ 
TO INTAKE MANIFOLD. ; PRESSURE IŠ VERY HIGH 


7 


77 Z 
7 17 B! 


(1) EXHAUST GAS FLOW FROM (2) EXHAUST BACK-PRESSURE 
CROSSOVER IN INTAKE PICKED UP AT OPENINGS IN 
MANIFOLD CONTROLLED BY HOLLOW VALVE STEM... 
SIZE OR ORIFICE. 


THERE MAY BE SOME EGR GAS FLOW IF THE VACUUM IS STRONG ENOUGH TO PARTLY OPEN THE VALVE. 
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4. EGR SYSTEMS 


Back Pressure EGR Control 


EGR VALVE WITH REMOTE BACK-PRESSURE TRANSDUCER 


ο Ranger 2.0L 
The earliest backpressure control EGR systems 


VACUUM SOURCE 
FROM CARBURETOR 


(about 1975) had remote transducers rather than 
integral transducers. 


An EGR valve and remote transducer assembly 
(9H495) is used on some truck applications. 


e Current remote transducers have an exhaust TRANSDUCER 
pressure tube that connects to the valve body. 
e Functionally, the remote transducer is the same 
as the integral transducer. The valve operates as 
a simple ported EGR valve when exhaust gy, AUST 
pressure is high enough to close the air bleed. BACK-PRESSURE 
TUBE 


VACUUM TO 
EGR DIAPHRAGM 


EXHAUST GAS INLET 


REMOTE TRANSDUCER OPERATION 


роо Уу ДЛТ 


VACUUM TO —— 
EGR VALVE 


= 


= 


asua 


DIAPHRAGM 


EXHAUST GAS 
SIGNAL 
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= 


А220] 
M ͵ 
η S 
Q 
` 
τπτ 
= 


EXTERNAL ENTRY VALVE WITH 

SENSOR IN VALVE BODY (VALVE 

AND TRANSDUCER ASSEMBLY 
9H495) 


<———- VACUUM 
FROM 
SOURCE 


ΚΝ 


SPRING 


Backpressure EGR Control 4. EGR SYSTEMS 


BACKPRESSURE VARIABLE TRANSDUCER (BVT) 
ο Contains two spring-loaded diaphragms to "compare" two backpressure inputs. 
* Provides very precise flow of EGR gas 


SYMBOLS 


BVT REG 
Zz zx MOUNTING POSTS 


EGR VALVE 
CONTROL VACUUM (E) 


CONTROL PRESSURE (C) 
BACK PRESSURE (B) 


TYPICAL INSTALLATION ON 1.9 LITER EFI ENGINE 


EGR SHUTOFF SOLENOID 


£ VACUUM CHECK VALVE 
N < BACK-PRESSURE 
| VARIABLE 


> Cis coy TRANSDUCER (BVT) 


TO “Р” ES ο (^ 9 LS 
VACUUM = usa ' 
SOURCE τ. ΦΟΝ 


EGR VALVE -------- 


CONTROL 
PRESSURE 
CONNECTION 


EGR TUBE 


EXHAUST 
BACK-PRESSURE 
CONNECTION 
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4. EGR SYSTEMS Back Pressure EGR Control 
— —Ógá — m € ————Ü ee nee 


HOW THE BACKPRESSURE VARIABLE TRANSDUCER WORKS 


(1) AIR BLEED ADMITS (3) SEAL CLOSES BLEED 
AIR FOR VENTING HOLE WHEN SIGNALS 
(MODULATING) EGR & (6) DETERMINE 
VACUUM NO 


EGR VACUUM 
PRING DIAPHRAGM 
" — 3 TEED INTO 
BLEED HOLE — = "E" PORT 
OPENS TO EL 
EGR VACUUM i 


CONTROL 
CHAMBER 
PRESSURE OR 
VACUUM SENSED 
BELOW TOP 
DIAPHRAGM 


EXHAUST 

BACKPRESSURE 
DIAPHRAGM SENSED BELOW 

BOTTOM DIAPHRAGM 


BLEED HOLE (2) AND SEAL(3) MODULATE 

EGR VACUUM BY BLEEDING OFF AS 

DETERMINED BY THE TRANSDUCER LOGIC. 

DIAPHRAGM POSITIONS DETERMINED BY PRESSURE VS. SPRING FORCE 


SYSTEM FUNCTIONAL SCHEMATIC 
(3) TVs MAY BE USED 
FOR COLD AMBIENT 
BVT IS TEED INTO VACUUM 
Φ LINE TO EGR... AND CAN | LOCKOUT 
BLEED OFF VACUUM 
INTAKE 
AIR (2) TURNED ON 
OR OFF BY 
PVS OR EGR 
SOLENOID 


^ 2 PORTED 
acts VACUUM 
ΣΟῚ FROM 
O C | INTAKE VACUUM ==> CARBURETOR 
OR EFCA... 


(7) CHAMBER PRESSURE IS LOWER 
THAN BACKPRESSURE WHEN EGR 
VALVE IS FLOWING GAS 


EXHAUST 
BACKPRESSURE 


(5) EXHAUST BACK 
PRESSURE IS 
SENSED FROM (6) FLOW CONTROL ORIFICE 
EGR TUBE INSTALLED BETWEEN 
EGR AND CHAMBER 
BELOW EGR VALVE 
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BVT EGR Control 4. EGR SYSTEMS 
— — ÁÉH—ÉÉÉ—————————————————— 


BVT SYSTEM OPERATION IN LIGHT LOAD 
ο PVS warm or EGR Solenoid on 
e Functionally same as remote back-pressure transducer 


(6) TRANSDUCER MODULATES (3) VACUUM APPLIED 
VACUUM FROM BOTTOM TOEGR ANDBVT — ТАКЕ 
DIAPHRAGM АА (7) RESTRICTOR 
PREVENTS 
VACUUM 
LEAK 


THROTTLE 
OFF IDLE 


(4) CONTROL 
CHAMBER 
PRESSURE IS LOW 
(CLOSE TO ATMOSPHERE) 


FLOW CONTROL ORIFICE 


VACUUM IS 
HIGH 


(5) EXHAUST 
BACK PRESSURE 
DEPENDS ON 
INTAKE AIR 


FLlOW— — > 


EXHAUST BACKPRESSURE 


BVT SYSTEM IN MODERATE-TO-HEAVY LOAD 
ο PVS warm or EGR Solenoid on 
* Control pressure “C” depends on pressure drop across flow control orifice 


(5) AND MODULATES EGR VACUUM 


TO CONTROL EGR FLOW INTAKE 


AIR 


(1) VACUUM 
MODERATE 


(4) TRANSDUCER TO STRONG 


COMPARES THE 
TWO SIGNALS 


(3) CONTROL 
CHAMBER 
PRESSURE CAN BE 
POSITIVE TO VACUUM 


EXHAUST 
BACKPRESSURE —3»- 
MODERATE TO HIGH 
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4. EGR SYSTEMS 


BVT EGR Control 


BVT SYSTEM IN WIDE-OPEN THROTTLE 
e PVS warm 


• Functionally same as ported EGR valve operation without transducer 


(6) ENGINE VACUUM INTAKE 
CONTROLS EGR VALVE AIR 


THEREFORE CONTROL 
PRESSURE 

IS NEAR OR EQUAL 

TO EXHAUST PRESSURE 


CONTROL 
CHAMBER 
PRESSURE 
VACUUM FLOW ACROSS CONTROL 
ORIFICE IS LOW 
EXHAUST BACK 
PRESSURE HIGH ————3» 


TYPICAL VACUUM SCHEMATICS FOR BVT SYSTEMS 
2.3 LITER OHC-2V 


BACKPRESSURE 
VARIABLE TRANSDUCER 


BVT 


d 


MAY USE PVS OPEN 
AIR CLEANER WITH 
TVS IN THIS WARM ENGINE 
LINE FOR COLD 
AMBIENT LOCKOUT 
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BVT EGR Control 


TYPICAL BVT SYSTEM VACUUM SCHEMATICS 


1.9 LITER-2V (PVS CONTROL) 


PVS OPEN 
— wm WARM 
ENGINE 


SOURCE IS 
"E" PORT 
VACUUM 


1.9 LITER EFI (SHUTOFF SOLENOID CONTROL) 


TO EXH. MAN 
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4. EGR SYSTEMS 


SOLENOID IS 
OFF FOR 

COLD ENGINE, 
WIDE-OPEN 
THROTTLE, CURB 
IDLE AND 
DECELERATION 


4. EGR SYSTEMS 


Backpressure Transducer System 


WHAT CAN GO WRONG IN BACKPRESSURE TRANSDUCER EGR SYSTEMS 


THE DIAGNOSIS AND TESTING INFORMATION IN THIS SECTION IS VERY BRIEF AND GENERAL. IT 
IS INTENDED ONLY FOR TRAINING. FOR COMPLETE DETAIL AND SPECIFIC PROCEDURES FOR 
VEHICLE AND MODEL YEAR, REFER TO SHOP MANUAL VOLUME H. 


Since a backpressure transducer is simply a device to modulate EGR vacuum, the problem conditions can 

be the same as on any ported EGR valve system. 

e |n fact, with high exhaust backpressure, the transducer does not modulate; and the system functions the 
same as a ported valve. If the exhaust is obstructed, it will obviously change the EGR valve operation. 
Thus, excess EGR gas will likely compound the performance problems that result from a restricted exhaust. 
If the transducer bleed hole is obstructed, or if the vent is plugged or stuck closed, there will be no modulation 
of vacuum. The result will be too much EGR flow at part throttle and poor performance. 
If the backpressure signal doesn't get to the transducer, it bleeds off all the vacuum. Backpressure EGR 
systems will not flow any exhaust gas to the intake without a backpressure signal. The results will be the 
same as any inoperative EGR valve problem. 
Likewise, if the transducer diaphragm is broken, or if the seal doesn't close (or partially close) the bleed 
hole, the system will be completely inoperative. 


Here is a summary of typical EGR problems: 


IN THESE CONDITIONS 


Transducer diaphragm leaks or 
transducer leaks off vacuum 

Backpressure probe plugged 
or signal passages in valve 
stem plugged 

No exhaust backpressure 
(wrong exhaust system parts) 


Vacuum leak or loss 

TVS, PVS or CWM fails 
"closed" 

Valve sticks closed 

Leaking valve diaphragm 

Shutoff solenoid fails closed or 
no power 

EGR valve gasket leak 

Blocked flow passages 


EGR valve open too far; 
sticking open 

TVS or PVS fails "open" 

Transducer bleed obstructed 

Shutoff solenoid fails open 

Excess exhaust backpressure 


THE RESULT CAN BE 


No EGR operation (Transducer 
bleeds off all vacuum) 


Valve doesn't open (or opens 
too little); 
Low or no exhaust gas flow 


Too much exhaust gas flow 
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SYMPTOMS CAN BE 


Detonation (spark knock) 
Engine overheat 

Fails emission NOy test 
Rough idle 

Low power 

Poor fuel economy 


Engine stalls after cold start 

Engine stalls on deceleration 
Vehicle surges during cruise 
Rough idle 

Sluggish; poor performance 

Poor fuel economy 


Testing Backpressure EGR Systems 4. EGR SYSTEMS 


FUNCTIONAL TEST OF BACKPRESSURE TRANSDUCER EGR VALVE AND SYSTEM 


1. Check all the vacuum hoses for correct routing and 
secure attachment. SET VACUUM IN 


. Run the engine to hot idle. Check that there is no 
vacuum to the EGR valve diaphragm at hot curb-idle. 


. On EFI engines only, disconnect the electrical 
connector to the idle air bypass valve. 


. Install a tachometer. Adjust the hot curb idle to 
specifications if necessary. 


, ilpi i h m 
Plug the tailpipe(s) to increase the exhaust syste WITH INTEGRAL —— 


backpressure. Leave a 12-inch diameter opening to TRANSDUCER 
TRANSDUCER 
allow exhaust gases to escape. EGR VALVE 


THE TEST WILL NOT WORK UNLESS THERE IS EXHAUST BACKPRESSURE 


. Remove and plug the EGR vacuum supply hose 
* From valve diaphragm on integral transducer valve 
ο From transducer diaphragm on remote transducer 


. Start the engine, idle it with the transmission in NEUTRAL, and observe the engine idle speed. If necessary, 
adjust the idle speed to the emission decal specification. 


8. Using a hand vacuum pump, slowly apply 5-10 inches of mercury vacuum to the vacuum nipple. 
All of the following will occur if the valve and transducer are operating: 

* |dle speed will drop 100 RPM or more, and 

* Engine will stall as vacuum builds, and 

ο Idle speed will return to normal when the vacuum is removed. 
If none of these happens, the valve or transducer has a problem. 


ο Replace the integral transducer valve assembly if it fails the test. SAND BLAST CLEANING IS NOT 
RECOMMENDED FOR THIS VALVE 


ο Test the remote transducer for a plugged bleed. Some remote transducers are replaceable separately 
from the EGR valve. 
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4. EGR SYSTEMS Testing Backpressure EGR Systems 
M — eod a Бл btt nnda 


FUNCTIONAL TEST OF BVT EGR SYSTEM 


1. Check all the vacuum hoses for correct routing and 
secure attachment. 


. Run the engine to hot idle. Check that there is no 
vacuum to the EGR valve diaphragm at hot curb-idle. 
If there is check the hose routing. 


. On ЕР! engines only, disconnect the electrical 
connector to the idle air bypass valve. 


. Install a tachometer. Adjust the curb idle if necessary. 
5. Perform an EGR valve gas flow test (see below). ALL SYSTEMS WITH BACK- 


6. Test the BVT unit as described on the next page. ο... 


EGR VALVE GAS FLOW TEST ON BVT SYSTEM 
9 Engine at hot curb idle 
ο idle air bypass electrical connector off on EFI engine 


(1) DISCONNECT HOSE TO 
VACUUM SOURCE AND 


VACUUM TRANSDUCER 
SOURCE 


(2) SLOWLY APPLY 
5-10 INCHES VACUUM 

* IDLE MUST DROP 
100 RPM OR MORE 

° ENGINE MAY STALL 

• IDLE SPEED MUST 
RETURN TO NORMAL 
WITH VACUUM REMOVED 


REMOVE EGR VALVE FOR BENCH TEST/INSPECTION IF IT FAILS THIS TEST 
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Testing Backpressure EGR Systems 4. EGR SYSTEMS 


 ——r ir Ircr wr 


TRANSDUCER TEST FOR PLUGGED AIR BLEED 


e Check transducer on or off vehicle (step [1]) 


ANN 


TRY m. AM 6 INCHES VACUUM WITH ENGINE OFF 


T MOVE. 
REPLACE VALVE (OR TRANSDUCER) IF IT FAILS TEST 
REPEAT TEST WITH ENGINE AT HOT CURB IDLE. IF VACUUM HOLDS NOW, 
THE EXHAUST SYSTEM IS RESTRICTED. 


BACKPRESSURE VARIABLE TRANSDUCER TEST 


e On or off vehicle 


APPLY 5-10 INCHES VACUUM 
* MUST HOLD WITH PRESSURE 
INTO PORT “С” 
e MUST NOT HOLD WHEN 
PRESSURE IS REMOVED 


BLOW GENTLY INTO 
PORT “С” (CENTER) TO 
CLOSE VALVE. HOLD 
PRESSURE. 


(3) APPLY 5-10 INCHES VACUUM 
TO PORT “С” AND TRAP 
VACUUM MUST HOLD 


REPEAT NO. (з) FOR PORT B. 
VACUUM MUST HOLD 


REPLACE TRANSDUCER ΙΕ IT FAILS ANY PART OF TEST 
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4. EGR SYSTEMS 


CLOSED LOOP ELECTRONIC CONTROL 


A closed-loop electronic control system contains a sensing device that “feeds back" a signal to the ECA to “tell” 
it what the output results are. In closed-loop EGR control, the signal can be a position signal, indicating how far 
the valve is open. Or it can be a pressure signal, which indicates the flow rate of EGR gas. 


The ECA compares the "results" signal with the desired valve position or control pressure condition for the operating 
mode of the engine. It then "decides" whether to increase, decrease or maintain the flow rate. The output control, 
then, is through a "dithering" solenoid vacuum valve assembly or an electronic vacuum regulator (EVR) to change 
or hold the vacuum on the EGR diaphragm. 


"ELECTRONIC" EGR VALVE WITH SOLENOID VACUUM VALVE CONTROL 


e Used on EEC-l, ΙΙ, Ill and IV systems 
* Feedback signal is EGR valve position (amount of valve opening) 
* Cooler is not used on all engines 


(1) ELECTRONIC EGR VALVE 
ADMITS METERED 
VOLUME OF EXHAUST GAS 
TO DILUTE AIR/FUEL 


FUEL 
MIXTURE 


CHARGING 
ASSEMBLY 


INTAKE 


MANIFOLD 
9 POSITION (EVP) 


SENSOR SIGNALS 
VALVE OPENING 
TO ECA 


(3) EGR COOLER 
IMPROVES 
FLOW AND VALVE 
DURABILITY 


SOLENOID VACUUM 


VALVE ASSEMBLY 
CONTROLS VACUUM VACUUM SOURCE FROM 


SOLENOIDS 
CONNECTOR 


VACUUM 
CONTROL VALVE 


VACUUM SOURCE 
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Closed Loop Electronic Control 4. EGR SYSTEMS 


FUNCTIONAL SCHEMATIC OF ELECTRONIC EGR SYSTEM 


EGR valve is functionally a ported valve with position sensor added 

Operates only at part throttle. ECA does not supply vacuum in cranking, closed throttle or wide-open 
throttle operation. 

In controlling modes, the EGRV and EGRC solenoids (5)dither; that is open and close repeatedly to 
"fine tune" the valve opening. 


(4) ECA COMPARES ACTUAL (8) AND ACTUATES SOLENOID 
POSITION WITH DESIRED VACUUM VALVES TO 
POSITION FOR OPERATING CONTROL VACUUM 


MODE... FEEDBACK SIGNAL 


ELECTRONIC (3) EGR VALVE 
POSITION SENSOR 
ASSEMBLY (EVP) DELIVERS 
(ECA) ! A VOLTAGE 
SIGNAL IN 
PROPORTION TO 
PINTLE OPENING 


VACUUM TO ÉGR 
MANIFOLD DIAPHRAGM CAN BE 
VACUUM TRAPPED, BLED OFF 
SOURCE OR INCREASED 

TO POSITION PINTLE 


RESERVOIR HOLDS 
A STEADY VACUUM 
SUPPLY IF THROTTLE 
OPENING CHANGES 


EGR VALVE IS (2) EXHAUST 

PINTLE TYPE FOR GAS PORT 

PRECISE FLOW CONTROL CAN BE SIDE 
OR BASE ENTRY 
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4. EGR SYSTEMS Closed Loop Electronic Control 


OPERATION OF EGR VENT (EGRV) AND EGR CONTROL (EGRC) SOLENOIDS 


(1) VENT PORT IS OPEN 
/ TO ATMOSPHERE 


PLUNGER 
CLOSES VENT 
WHEN SOLENOID T? (4) PLUNGER OPENS 
IS ENERGIZED d MANIFOLD VACUUMS 
; TO SYSTEM WHEN 
SOLENOID IS 
ENERGIZED 


“CONTROL” 
VACUUM SOURCE SOLENOID IS 
“VENT” SOLENOID TO INLET PORT NORMALLY 
IS NORMALLY OPEN CLOSED 


CONTROLLED VACUUM APPLIED 
TO EGR VALVE DIAPHRAGM 


OPERATION WHEN COMPUTER RECOGNIZES NÉED TO INCREASE EGR FLOW 


(2 closes @ | 
VENT PORT [Я ENERGIZES CONTROL} 
p p SOLENOID 
ECA ENERGIZES 
VENT SOLENOID 
EGR VALVE 
CONSTANT 
VACUUM SOURCE 
FROM INTAKE 
MANIFOLD 


(3) TRAPS VACUUM 
FROM VENTING 


PINTLE OPENS 
FURTHER 
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Closed Loop Electronic Control 


4. EGR SYSTEMS 


WHEN COMPUTER RECOGNIZES NEED TO MAINTAIN EGR FLOW RATE 


@ еса 
DE-ENERGIZES CONTROL 
SOLENOID... 


(1) ЕСА KEEPS 


(2) то 


EXISTING 
VACUUM 
FROM 
ESCAPING 


VACUUM IS ΤΗΑΡΡΕΟ. 
BY BOTH SOLENOID 
VALVES 


(2) PLUNGER 
DROPS TO 
OPEN VENT 
PORT 


(A VACUUM Is 
VENTED TO 
ALLOW THE 
VALVE TO 
CLOSE 
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PLUNGER 
DROPS TO 
SEAL IN 
EXISTING 
VACUUM 


VACUUM 
HOLDS EGR 
VALVE IN 
POSITION 


DROPS TO 
PREVENT 
ADDITIONAL 
VACUUM 
FROM 
ENTERING 


4. EGR SYSTEMS Closed Loop Electronic Control 


TYPICAL VACUUM SCHEMATICS FOR POSITION SENSING EGR SYSTEMS WITH 
SOLENOID VACUUM CONTROL 
ο EGRC is control solenoid; EGRV is vent solenoid 


3.8 LITER CFI (CAR) 2.3 LITER EFI (TRUCK) 


VACUUM 
RESERVOIR 


VACUUM 
RESERVOIR 


TO HEAT VRESER 


VACUUM CONTROL 

CHECK AND 

VALVE TAB/TAD 
SOLENOIDS 


TO CANISTER (REF) 


PURGE (REF) 


CONTROL 
(REF) 


5.0 LITER EFI (TRUCK) 


TO TAB/TAD SOLENOIDS 
(REF) 


VACUUM 
RESERVOIR 
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Closed Loop Electronic Control 4. EGR SYSTEMS 


PRESSURE FEEDBACK ELECTRONIC (PFE) EGR SYSTEM WITH ELECTRONIC 
VACUUM REGULATOR (EVR) CONTROL 


• Feedback to ECA is control pressure between metering orifice and the EGR valve pintle. 
e Vacuum to EGR valve is supplied and controlled by electronic vacuum regulator (EVR) instead of 


dithering solenoid valves. 
e 3.0 liter V6 car installation illustrated 


(Т) PFE-EGR VALVE IS A (2) PRESSURE SENSOR 
PORTED VALVE WITH A HAS A PROBE TO 
TAPERED PINTLE AND A SPECIAL PORT IN 
PRESSURE TAKEOFF PORT EGR VALVE 


TO MANIFOLD 
VACUUM 


(3) PROBE PICKS 
UP PRESSURE 
UNDER EGR 
PINTLE 


(4) ORIFICE IN VALVE 
BODY OR EGR TUBE 
FITTING CAUSES 
PRESSURE DROP FROM 
EXHAUST WHEN VALVE 
IS OPEN 


(5) ELECTRONIC VACUUM 
REGULATOR RESPONDS 
TO ECA CONTROLS TO: 
* OPEN OR CLOSE 
VACUUM TO EGR VALVE 
* BLEED OFF VACUUM TO 
REDUCE FLOW 
* BLEED OFF LESS VACUUM TO 
INCREASE FLOW 
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4. EGR SYSTEMS Closed Loop Electronic Control 


FUNCTIONAL SCHEMATIC OF PFE-EVR SYSTEM 


* EGR flow rate is proportional to pressure drop across metering orifice 


AND APPLIES DUTY 
(4) ECA MODULE “CONVERTS” CYCLE SIGNAL TO 
SIGNAL TO EGR FLOW EVR 


INFORMATION. .. PRESSURE SIGNAL DUTY CYCLE OUTPUT 
COMPARES WITH NEED FOR EEC MODULE (6) EVR REGULATES 
THE ENGINE MODE VACUUM TO EGR 


DIAPHRAGM 
EVR VACUUM OUTPUT 
(3) PRESSURE 
SENSOR ——»| pressure 
CHANGES SENSOR 
SIGNAL 
TO VOLTAGE 


WnnovA 39unos 


INTAKE VACUUM 


CONTROL PRESSURE VARIES 


WITH EGR VALVE OPENING EGR VALVE PERMITS 


FLOW PROPORTIONAL TO 


STRENGTH OF VACUUM 
METERING ORIFICE CAUSES 


PRESSURE DROP WHEN EGR 
FLOWS 


ELECTRONIC VACUUM REGULATOR (EVR) OPERATION 
* Applies, traps or bleeds off vacuum to EGR valve 


FILTER 


(з) SOLENOID PULLS 
SPRING-LOADED 
DISC DURING DUTY 
CYCLE-ON 
° BLEEDS OFF VACUUM IN 


PROPORTION TO DUTY | 
ied | (1) DUTY CYCLE SIGNAL 


APPLIED FROM ECA 


PRESSURE TO EGR VALVE 
DEPENDS ON DUTY CYCLE 


SOURCE VACUUM IS 
ENGINE MANIFOLD 
OR EGR PORT 
VACUUM 
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Closed Loop Electronic Control 4. EGR SYSTEMS 


TYPICAL VACUUM SCHEMATICS FOR PFE-EVR SYSTEMS 


3.0 LITER CAR 
e New style vacuum schematic used in 1986 for 3.0 Liter only 


PFE-EGR VALVE 


TO MANIFOLD 
VACUUM 


MANIFOLD 
VACUUM 


2.9 LITER TRUCK 


(2) RESERVOIR MAINTAINS —> 
A VACUUM SUPPLY 
WHEN THROTTLE 


OPENS 
SOURCE IS 


MANIFOLD 
VACUUM 


(8) VACUUM REGULATOR 
CONTROLS VACUUM 
STRENGTH TO 
EGR DIAPHRAGM 
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4. EGR SYSTEMS Closed Loop Electronic Control 


"ELECTRONIC" EGR VALVE WITH EVR VACUUM CONTROL 
e Feedback signal is from position sensor 

ο Vacuum controlled by EVR 

* 23 liter HSC with CFI shown 


(3) ELECTRONIC VACUUM 
REGULATOR (EVR) 
CONTROLS VACUUM TO EGR 
VALVE 


35» 


(4) RESERVOIR 
MAINTAINS 
VACUUM 
SUPPLY 


(1) ELECTRONIC EGR 
VALVE HAS 
EVP SENSOR 


SENSOR 
SIGNALS 
VALVE 
POSITION 
TO ECA 


VACUUM TYPICAL VACUUM 
PORT (ТОБУН) $СНЕМАТ!С VRESER 


Чү 

TO MANIFOLD #402; 

fÑ (s) Exuausr cas 
ENTERS FROM 
EGR TUBE 
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Closed Loop Electronic Control 4. EGR SYSTEMS 


FUNCTIONAL SCHEMATIC OF ELECTRONIC EGR SYSTEM WITH 

EVR VACUUM CONTROL 

ο EGR valve is functionally a ported valve with position sensor added 

e Operates only at part throttle. ECA does not supply vacuum: in cranking, closed throttle or wide-open 
throttle operation. 

* |n controlling modes, the EVR operates on a "duty cycle" output from the ECA. 


(4) ECA COMPARES ACTUAL 
POSITION WITH DESIRED 


POSITION FOR OPERATING (8) AND ACTUATES EVR 


TO CONTROL VACUUM 


DUTY CYCLE OUTPUT (6) EVR REGULATES 


VACUUM TO 
DIAPHRAGM 


EVP EVR VACUUM 
SENSOR OUTPUT v 


INTAKE 
FLOW 


FEEDBACK SIGNAL 


SENSOR DELIVERS 
VOLTAGE SIGNAL 
PROPORTIONAL TO 
PINTLE OPENING 


PINTLE METERS 
FLOW TO 
INTAKE 


(7) DIAPHRAGM OPENS 
VALVE IN 
PROPORTION TO 


EXHAUST GAS VACUUM ^ NN 


IS SUPPLIED 
BY EGR TUBE 


PAGE 4-37 


4. EGR SYSTEM Closed Loop Electronic Control 


WHAT CAN GO WRONG 


THE DIAGNOSIS AND TESTING INFORMATION IN THIS SECTION IS VERY BRIEF AND GENERAL. IT 
IS INTENDED ONLY FOR TRAINING. FOR COMPLETE DETAIL AND SPECIFIC PROCEDURES FOR 
VEHICLE AND MODEL YEAR, REFER TO SHOP MANUAL VOLUME H. 


In all the closed-loop electronic control EGR systems, the valve (by itself) functions the same as a ported 
EGR valve. 


* Apart from the electronic control, the system can have all of the problems of any EGR system. Sticking 
valves, obstructions and loss of vacuum will produce the same symptoms as on non-EEC systems. 


If an electronic control component is not functioning electrically, the condition will usually be recognized 
by the ECA. The EEC quick test will show a service code of 31 or 35 to indicate a need to test the components 
and external circuits; following the EEC pinpoint tests. 


The EGRV and EGRC solenoids, or the EVR, should normally cycle on and off very frequently when EGR 
flow is being controlled (warm engine and cruise RPM). If they do not, it indicates a problem in the electronic 
control system or in the solenoids. 


Generally, an electronic control failure will result in low or zero EGR flow; and may cause symptoms like 
overheat, detonation and power loss. 


Here is a summary of typical problems: 


IN THESE CONDITIONS 


Vacuum leak or loss 

Valve sticks closed 

Leaking valve diaphragm 

Vacuum reservoir leak 

No power to solenoid(s) or 
EVR 

EGR valve gasket leak 

Block flow passages 


Valve opens too far; sticking 
open 

TVS or PVS fails "open" 

EGRV solenoid fails closed 

EVR vent blocked 


THE RESULT CAN BE 


Valve doesn’t open (or opens 
too little); 
Low or no exhaust gas flow 


Too much exhaust gas flow 
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SYMPTOMS CAN BE 


Detonation (spark knock) 
Engine overheat 

Fails emission NOy test 
Rough idle 

Low power 

Poor fuel economy 


Engine stalls after cold start 

Engine stalls on deceleration 
Vehicle surges during cruise 
Rough idle 

Sluggish; poor performance 

Poor fuel economy 


Closed Loop Electronic Control Testing 4. EGR SYSTEMS 


FUNCTIONAL TEST OF ELECTRONIC CONTROLLED EGR SYSTEM 


See Shop Manual Volume H for EEC system testing 


. Check all the vacuum hoses for correct routing and 
secure attachment. 


. Run the engine to hot idle. Check that there is no 
vacuum to the EGR valve diaphragm at hot curb idle. 
If there is check the hose routing. 


. On EFI engines only, disconnect the electrical 
connector to the idle air bypass valve. 


4. Install a tachometer. Adjust the curb idle if necessary. 


. Perform an EGR valve gas flow test (see below). 
. Accelerate to 2500 RPM and check for cycling of 
the EVR or EGRV/EGRC solenoids. 


EGR VALVE GAS FLOW TEST ON EVR SYSTEM 
ο Engine at hot curb idle 
ο idle air bypass electrical connector off on EFI engine 


(1) DISCONNECT HOSE 
AT EGR VALVE 


(2) ATTACH VACUUM 
PUMP 


DIAPHRAGM 
(3) SLOWLY APPLY 
5-10 INCHES VACUUM 
* IDLE MUST DROP 


s» 
^ V = MANIFOLD 
Š AL 4 aoa VACUUM 
LZ CIRR a 
100 RPM OR MORE 


W 
e ENGINE MAY STALL = 
CIA 


ο IDLE SPEED MUST 
RETURN TO NORMAL 
WITH VACUUM REMOVED 


ELECTRONIC \ 7 
VACUUM у 
REGULATOR b 


REMOVE EGR VALVE FOR BENCH TEST/INSPECTION IF IT FAILS THIS TEST 
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4. EGR SYSTEMS Closed Loop Electronic Control 


HOW TO TEST A VACUUM RESERVOIR 


@ ATTACH VACUUM (2) APPLY 15-20 


PUMP Fi INCHES VACUUM 


TIME LEAKDOWN. MUST 
NOT LEAK MORE THAN 
% INCH VACUUM PER MINUTE 


REPLACE RESERVOIR IF IT FAILS TEST 


HOW TO TEST NORMALLY CLOSED (EGRC) SOLENOID VALVE 


(2) ENERGIZE SOLENOID 
* MUST CLICK IN анан 
e PORTS MUST PASS AIR к 


(1) BLOW THROUGH 
VALVE, MUST IMPORTANT CAUTION: DO NOT ALLOW 
NOT PASS AIR JUMPERS TO CROSS IF USING VEHICLE 
κ... BATTERY. THIS COULD CAUSE FIRE OR 
SEVERE BURNS. A DRY CELL BATTERY 
IS RECOMMENDED. 


HOW TO TEST NORMALLY OPEN (EGRV) SOLENOID VALVE 


(2) ENERGIZE SOLENOID 
* MUST CLICK IN 
* MUST BLOCK AIR AT 
LOWER PORT 


JUMPER 
WIRES 


(1) BLOW AIR INTO 
LOWER PORT. 
VALVE MUST PASS 
AIR WHEN 
DE-ENERGIZED 


IMPORTANT CAUTION: DO NOT ALLOW JUMPERS TO CROSS IF USING VEHICLE BATTERY. THIS COULD 
CAUSE FIRE OR SEVERE BURNS. A DRY CELL BATTERY IS RECOMMENDED. 


PAGE 4-40 


Section 5 
CATALYST AND THERMACTOR SYSTEMS 


So far this manual has covered emission systems that reduce HC and CO emissions by improving combustion; 
and EGR systems that reduce NOx by reducing peak combustion temperatures. These controls do not remove 
all the HC, CO and ΝΟΧ from the exhaust gas. Further reduction is necessary in the exhaust system. 


SECONDARY AIR SUPPLY 


Fresh air is supplied to the exhaust system by the Thermactor air pump (or by a pressure differential in the case 
of the Pulse Air systems). In the hot exhaust, the oxygen in the air combines with some of the HC and CO gases 
to change them to water vapor and carbon dioxide. Thermactor air has been used since 1968 to reduce HC and 
CO in the exhaust. 


CATALYTIC CONVERTERS 


In the mid 1970's, catalytic converters began to be used on cars and later on trucks. A "catalyst" is a helper. The 
first "catalysts" helped reduce HC and CO emissions; and these are called “two-way” catalysts. The dual bed 
catalyst, in use since the late 1970's helps reduce all three emissions: HC, CO and NOx. It is called three-way 
catalyst (TWC). 


EXHAUST SYSTEM EMISSION CONTROLS 
* SECONDARY AIR SYSTEMS: THERMACTOR AND PULSE AIR 


* COC: CONVENTIONAL OXIDATION CATALYST (2-WAY) 
* TWC: THREE WAY (DUAL BED) CATALYST 


MANAGED THERMACTOR AIR (MTA) CONTROL SYSTEMS 


* NON ELECTRONIC WITH DUAL AIR VALVE 

* EEC-CONTROLLED WITH DUAL AIR VALVE 

* EEC-CONTROLLED WITH SEPARATE BYPASS 
AND DIVERTER VALVES 


CONVENTIONAL THERMACTOR (CT) CONTROL SYSTEMS 


* WITH TIMED AIR BYPASS VALVE AND IDLE VACUUM VALVE 
* WITH NON-VENTING BYPASS VALVE AND WOT 
LOAD CONTROL VALVE 
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5. CATALYST AND THERMACTOR Secondary Air 


SECONDARY AIR SUPPLY (THERMACTOR) SYSTEMS 


AIR PUMP THERMACTOR SYSTEMS 


° Airis supplied when engine is running; but "dumped" or “bypassed” to atmosphere in modes where exhaust 
is rich. 

* Conventional Thermactor (CT) system supplies air to exhaust manifold (upstream air only); uses air bypass 
valve. 

• Managed Thermactor Air (MTA) system supplies air to manifold or to catalyst (upstream or downstream 
air); uses combination air valve. 


(6) CHECK VALVE(S) PREVENT 


(3) BYPASS VALVE DIRECTS AIR MONROE 
ATO EXHAUST (OR TO (4) AIR TO EXHAUST 


ATMOSPHERE) —OR— à MANIFOLD PORTS 
BY-PASS AND DIVERTER = 

VALVE DIRECTS AIR TO 

EXHAUST, CATALYST 

OR ATMOSPHERE 


HOSE CARRIES AIR TO 
BY-PASS VALVE OR 
AIR CONTROL VALVE 
h AIR PUMP IS 
(5) AIR HOSE TO CATALYTIC DRIVEN BY 
CONVERTER (MTA ONLY) ENGINE BELT 


AIR PUMP AIR CHECK VALVE 
* Positive displacement, vane type * Allows free flow into exhaust 
ο Impeller inlet fan filters out contamination ο Prevents back flow from exhaust to pump 


CENTRIFUGAL AIR IN 


FILTER FAN 

VITON DISC 
DRIVE 
HUB 


AIR OUTLET 


AIR OUT TO 
EXHAUST 
IMPELLER AIR MANIFOLD OR 
INLET CATALYTIC 
CONVERTER 


ROTOR SHAFT 
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Secondary Air 5. CATALYST AND THERMACTOR 
———— € —— ——————— — ——————  ' '—— G 


PULSE AIR (PA) SYSTEM (THERMACTOR 11) 

ο Uses natural pulses in exhaust system to pull air in. 

* Air flows when air cleaner pressure is higher than exhaust backpressure. 
* Can deliver air to exhaust manifold only; or to manifold and catalyst. 


AIR SOURCE IS 
PRIMARY AIR 
CLEANER 


AIR CLEANER 


(2) SILENCER REDUCES 
NOISE OF AIR 
FLOW 


HOSE(S) DIRECT AIR 
TO MANIFOLD, CATALYST 


(4) CHECK VALVE(S) 


PREVENT BACK 
FLOW OF EXHAUST 
TO AIR CLEANER 


CHECK VALVE 


PULSE AIR CHECK VALVE SILENCER ASSEMBLY 
• Not interchangeable with check valves * Used with Pulse Air or with air 
in air pump systems. pumps not equipped with filter fan. 
AIR INLET FROM * Filters air and damps out pulse 


SILENCER OR noises. 
AIR CLEANER 


REED VALVE 
OPENS TO 
ADMIT AIR; 
CLOSES WHEN 
EXHAUST 
PRESSURE 
EXCEEDS 
OUTLET TO ΛΑ AIR CLEANER 
EXHAUST PRESSURE 
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5. CATALYST AND THERMACTOR Exhaust System Emission Controls 
CATALYTIC CONVERTERS 


* Assist secondary air supply in reducing exhaust emissions 
* Require air blockout when engine is laboring hot or cold 
ο See MTA Control Systems and CT Control Systems for air blockout control 


CONVENTIONAL OXIDATION CATALYST (COC) 

ο Controls HC and CO 

* Also known as two-way catalyst 
END CONES ADAPT 2 SUBSTRATE IS CERAMIC 
TO EXHAUST PIPES; HONEYCOMB MATERIAL 
SMOOTH FLOW COATED WITH CATALYST 

MATERIAL 
(5) GAS CONTAINS 


HAVE BECOME 
WATER AND 


SECONDARY AIR 


ENTERS AHEAD SUPPORT METAL/FIBERGLASS 
OF CATALYST SEAL 


(1) SHELL ASSEMBLY 
CONTAINS SUPPORTS 
AND SUBSTRATE 


THREE-WAY CATALYST (TWC) CONVERTER 
e Controls HC, CO and NOx 

* Contains a COC element and a three way element 
* Also called dual-bed converter 


HAMBER OUTLET TO 
MIXING C (4) „Шей, 


SHELL ASSY. 


EXHAUST 


eS Hor 2 © CONVENTIONAL CATALYST 
` N ` OXIDIZES HC-CO 


THREE-WAY CATALYST 
"UPSTREAM" AIR OXIDIZES HC-CO AND 
ENTERS WITH REDUCES NOx 


EXHAUST...OR 


“DOWNSTREAM” AIR 
ENTERS MID-BED 
AIR PORT 
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Exhaust System Emission Controls 5. CATALYST AND THERMACTOR 


WHAT CAN GO WRONG 


The secondary air system does not (usually) affect the air fuel mixture. Therefore, a failure to deliver Thermactor 
air to the exhaust manifold or catalyst will not affect engine performance. It will, of course, reduce the oxidation 
of HC, CO (and NOx in TWC systems) and can cause the vehicle to fail the tailpipe emissions test. 


• Catalytic converters, however, can become restricted at high mileage. Also, if leaded gasoline is used, 
or if secondary air gets into a rich exhaust, the converter can be "lead poisoned" or simply melt from 
overheat. This will cause very high backpressure, change the engine breathing, and generally make the 
engine perform poorly. Also, EGR flow will be affected on backpressure systems. 


If a check valve fails in an air pump system, exhaust gas will escape. The pump and hoses will get 
contaminated. This also can cause backpressure loss and affect the EGR system operation. 


If a pulse check valve fails, the exhaust system will contaminate the air cleaner. There will usually be 
sooty deposits on the filter. This will obviously affect the air-fuel mixture; and can also upset the PCV system. 
Symptoms will usually be poor performance and poor fuel economy. The engine may burn oil. 


Bypass valves and combination bypass-diverter valves can cause loss of air to the exhaust if they fail 
in the bypass mode. If they fail open, they can put air in the exhaust when it is rich. This often causes 
backfire and may melt the catalyst substrate. 


See the following pages on MTA Control Systems and CT Control Systems for the air blockout functions and 

for testing the valves. 

* The air pump rarely causes a problem, except noise. The system is never completely free of noise. In 
a positive displacement pump the noise increases in pitch with this frequency; that is, with increase in 
engine RPM. A slightly noisy new pump may become less noisy with "break-in" mileage, 500 miles is 
sufficient to break-in the pump. If the noise persists after break-in or is excessive, replacement of the pump 
may be necessary. Other causes of noise at the pump are a loose pulley, loose mounting, incorrectly adjusted 
belt, or a kinked or restricted hose causing the noise. 


IMPORTANT: Noise at idle or during deceleration can be from the bypass valve dumping air to the atmosphere. 
This is normal. 


PAGE 5-5 


5. CATALYST AND THERMACTOR Exhaust System Emission Controls 
edam hM EARN eodem hl abdidit 


EXHAUST BACK PRESSURE TESTING 


Checks for restricted catalytic converter 
High back pressure will reduce engine vacuum and affect performance 


Inspect the exhaust system visually. Look for collapsed components. Replace any damaged component. 
(Perform step 2 after replacement.) 


Test for 16 inches or more vacuum at 2000 RPM in neutral. If the vacuum is at least 16 inches, the exhaust 
system is okay. If not, perform step 3. 


Disconnect the exhaust pipe(s) from the manifolds(s). Repeat the vacuum test. If vacuum is now okay, 
the system is obstructed. If not, the exhaust manifold may be the problem. 


To check the catalyst, connect the exhaust pipe(s) and disconnect the muffler(s). Repeat the vacuum 
check. If it is now good, replace the catalytic converter. Inspect the muffler to be sure it has not collected 
any debris from the catalyst. 


To check the exhaust manifold(s) for casting flash, remove it/them from the engine. Drop a length of 
chain into each port. If it won't pass through, remove the flash or replace the manifold. 


NOTE: Don't use wire or light for step 5. They may pass through a restriction that can still cause 
backpressure. 


ALTERNATE TEST FOR EXHAUST BACKPRESSURE 
• Сап be used on any engine with secondary air supply 
° On systems with TWC catalyst, test at manifold air inlet 


(3) READ EXHAUST BACK 
PRESSURE AT 2000 RPM IN 
NEUTRAL 
• MUST NOT EXCEED 2/ PSI 
OR 35 INCHES WATER 
° CHECK EXHAUST SYSTEM AS 
ABOVE IF PRESSURE IS TOO 
Р? μον 


ADAPT A GAUGE 
TO THE AIR INLET 
TUBE. (PROPANE 


ENRICHMENT TOOL HOSE DISCONNECT AIR SUPPLY TO 


CAN BE USED. TAPE TO SEAL CHECK VALVE AND REMOVE 
IF NECESSARY.) ° VALVE 
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Exhaust System Emission Controls 5. CATALYST AND THERMACTOR 


AIR CHECK VALVE AND PULSE CHECK VALVE TESTING 


* Engine at normal operating temperature; shut off. 
* Air supply hoses off; inspected and all leaks corrected. 


(2) ATTACH TESTER 
T75L-9487-A TO 


(3) SQUEEZE FLAT AND 
RELEASE 
° MUST STAY CREASED FOR 8 
SECONDS 
AME i * MUST NOT RETURN TO 
SECURELY NORMAL IN LESS THAN 15 
SECONDS 
PULSE VALVE ONLY: CHECK * REPLACE VALVE IF IT LEAKS 
FOR SUCTION AT INLET WITH FASTER 
ENGINE AT HOT CURB IDLE. 
IF NONE, REPLACE VALVE. 


AIR PUMP DRIVE BELT ADJUSTMENT 


ο Inspect for wear, cracks, etc. 


ο Install a new belt if necessary. © TENSION αμήν fee L. 
ο Engine hot for belt check and adjustment. MANUAL FOR 
SPECIFICATIONS) (1) CHECK PULLEY MOUNTING 
BOLTS. TIGHTEN TO 
UI 


SNC 


(3) το ADJUST: 
° LOOSEN MOUNTING BOLTS. , 
e LOOSEN ADJUSTING ARM 
BOLTS. 


BELT TENSION 
GAUGE—T63L—8620—A 


(4) MOVE PUMP AND HOLD (5) REMOVE TOOL AND 
TENSION WITH TOOL RECHECK TENSION. 
T75L-9480-A, TIGHTEN BOLTS. 


DO NOT USE PRY BAR AGAINST PUMP HOUSING. 
THE PUMP HOUSING WILL BE DENTED OR CREASED, 
CAUSING NOISE OR A SEIZED PUMP. 
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5. CATALYST AND THERMACTOR 


Exhaust System Emission Controls 


AIR PUMP NOISE DIAGNOSIS 


ο Do not service unless pump has run 500 miles 


Excessive Belt Noise 


9 Excessive Mechanical Clicking 


€ Excessive Thermactor System 
Noise (Putt-Putt, Whirling or 
Hissing) 


€ Excessive Pump Noise 
(Chirps, Squeaks and Ticks) 


€ Seized pump 


€ Loose pulley 


9 Loose or broken mounting brackets 
or bolts 


e Overtightened mounting bolt 
€ Overtightened drive belt 


€ Excessive flash on the air pump 
adjusting arm boss 


9 Distorted adjusting arm 
* Leak in hose 


9 Loose, pinched or kinked hose 


e Hose touching other engine parts 


e Bypass valve inoperative 
e Check valve inoperative 


e Pump or pulley mounting fasteners 
loose 


e Restricted or bent pump outlet 
fitting 


e Air dumping through bypass valve 
(at idle only) 


e Air dump through bypass valve 
(decel and idle dump) 


* Loose pulley or mounting bolts or 
worn or damaged pump 
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€ Tighten to specification using Tool 


T75L-9480-A or equivalent to hold 
belt tension and Belt Tension 
Gauge T63L-8620-A or equivalent. 


CAUTION: Do not use a pry bar 
to move air pump. 


Replace pump. 


Replace pulley and/or pump if 
damaged. Tighten bolts to 
13.6-17.0 Nem (120-150 Ib-in). 


Replace parts as required and 
tighten bolts to specification. 


Tighten to 34 Nem (25 Ib-ft). 
Same as loose belt. 


Remove flash from the boss. 


Replace adjusting arm. 


Locate source of leak using soap 
solution, and replace hoses as 
necessary. 


Reassemble, straighten, or replace 
hose and clamps as required. 


Adjust hose to prevent contact with 
other engine parts. 


Test the valve. 
Test the valve. 


Tighten fasteners to specification. 


Inspect fitting, and remove any 
flash blocking the air passage way. 
Replace bent fittings. 


On many vehicles, the thermactor 
system has been designed to 
dump air at idle to prevent 
overheating the catalyst. This 
condition is normal. Determine that 
the noise persists at higher speeds 
before proceeding. 


On many vehicles, the thermactor 
air is dumped in air cleaner or in 
remote silencer. Make sure hoses 
are connected and not cracked. 


Check the thermactor system for 
wear, loose pulley mounting 
bolts, or damage and make 
necessary corrections. 


МТА Systems 5. CATALYST AND THERMACTOR 
MANAGED THERMACTOR AIR (MTA) SYSTEMS 


* Use with three-way catalyst (dual bed converter) 
* Can be electronic or non-electronic control 
ο Control air flow three ways: 
1. To atmosphere ("dump" or bypass) when exhaust is rich. This prevents backfire and catalyst 
damage; removes pump load from engine. 
2. "Upstream" to exhaust manifold when engine is first started and catalyst is still cold . 
3. "Downstream" to mid-bed port of catalyst when engine/catalyst warm up. 


MTA SYSTEM WITH AIR BYPASS AND AIR DIVERTER VALVES 


(5) VACUUM SIGNALS 
TO DIAPHRAGMS 
CONTROL VALVE (1) AIR PUMP OUTPUT 


OPERATION S TO BY-PASS 
VALVE 
(4) DIVERTER (AIR AIR Pl 
CONTROL) VALVE 
CAN DIRECT AIR 
"UPSTREAM" OR i 
(T) “upstream is DOWNSTREAM = - 


TO EXHAUST 

MANIFOLD(S 

" (2) BvPASS VALVE 
CAN "DUMP" AIR 
TO ATMOSPHERE 
OR DIRECT IT TO 
DIVERTER VALVE. 


(6) “DOWNSTREAM” IS TO “SILENCER”. VENT 


CATALYTIC CONVERTER(S) DAE 


ATMOSPHERE 


NOTES: 1. UPSTREAM AND DOWNSTREAM CONNECTIONS OF VALVE (4) CAN BE REVERSED, 
DEPENDING ON WHETHER DIVERTER VALVE IS CONTROLLED BY VACUUM-ON 
OR VACUUM-OFF IN UPSTREAM OPERATION 
2. SEE “ΜΤΑ SYSTEMS WITH ELECTRONIC CONTROL" FOR DESCRIPTION/FUNCTIONS 
OF VALVES (2) AND (4) 


PAGE 5-9 


5. CATALYST AND THERMACTOR 


MTA Systems 


MTA SYSTEM WITH COMBINATION BY-PASS/DIVERTER VALVE 


(3) ATMOSPHERIC 
VENT HOLES 
(4) DIVERTER SECTION 
CAN DIRECT AIR 
"UPSTREAM" OR 
“DOWNSTREAM” 


SECTION 


(S) “UPSTREAM” IS 
TO EXHAUST 
MANIFOLD(S) 


(6) “DOWNSTREAM” IS TO 
CATALYTIC CONVERTER(S) 


X 


IDENTIFY BYPASS 


(2) VACUUM SIGNAL 
HERE CONTROLS 
BYPASS SECTION 


| 


COMBINATION AIR 
BYPASS & AIR 
CONTROL VALVE 


AIR PUMP OUTPUT 
IS TO BY-PASS 
SECTION OF VALVE 


VACUUMS SIGNAL HERE 
CONTROLS DIVERTER SECTION 
(HAS NO EFFECT IF BYPASS 

IS “ΡυΜΡΙΝΑ” TO 
ATMOSPHERE. 


NOTE: AIR OUTLETS (5) AND(6) CAN BE REVERSED, DEPENDING ON CONTROL LOGIC 


HOW THE COMBINATION BYPASS/DIVERTER VALVE WORKS 


* Normally closed valve shown 
e Vacuum control can be 
reversed in normally open valves 


AIR IS 
"DUMPED" 


(4) AIR GOES το 
DIVERTER IF Í 
BYPASS VACUUM Ё 


POPPET 
* VACUUM OFF 
* VACUUM ON 


AIR GOES TO PORT A IF 
DIVERTER VACUUM IS ON 
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2) IF THERE IS NO VACUUM TO 
BYPASS DIAPHRAGM... 


BY-PASS 
DIAPHRAGM 


BY-PASS 
VALVE POPPET 
° VACUUM ON 


AIR FROM PUMP 
ENTERS INLET 
OF BYPASS SECTION 


= (8) THEN...IF DIVERTER 
B VACUUM IS OFF... 


= DIVERTER 
DIAPHRAGM 


\—_@ AIR GOES TO PORT B 


МТА Systems 5. CATALYST AND THERMACTOR 
Mika ka i ————— II JI 4Lc I OLIƏI  —— άμα Αλμα 


MANAGED THERMACTOR AIR SYSTEM WITH NON-EEC CONTROL 


ο 19 liter 2V with MTX illustrated 
ο Operating logic: Cold Air cleaner: air is dumped to atmosphere 
Warm air cleaner; cold coolant: air upstream 
Warm air cleaner and coolant: air downstream 
Prolonged idle: air upstream 
ο TVS (Temperature Vacuum Switch) may be used instead of CWM (Cold Weather Modulator) 


(2) RETARD DELAY VALVE 
TRAPS VACUUM A FEW CWM IS CLOSED COLD 
SECONDS IF THROTTLE AND OPEN WARM 
OPENS; PREVENTS (SENSES AIR CLEANER 
INSTANT-DUMP TEMPERATURE) 


BYPASS CONTROL VACUUM 


RETARD 
DELAY COLD WEATHER 
VALVE MODULATOR (CWM) 


(4) SPARK VACUUM 
IS DIVERTER 
CONTROL SOURCE. —» | 


m Xx 


s 
MANIFOLD 


(3) MANIFOLD 
VACUUM IS 
SOURCE FOR 
BYPASS CONTROL 


PORTED VACUUM 


TT SWITCH (PVS) 
TWC Y. 


PORTED VA 
DOWNSTREAM (2) DIVERTER AIR UPSTREAM (5) NT sg CUUM 


IS DOWNSTREAM (6) RETARD DELAY VALVE CLOSED COLD; 

WITH VACUUM PREVENTS INSTANT OPEN WARM 

ON; UPSTREAM CHANGE IN DIVERTER (SENSES COOLANT 

WITH VACUUM OFF AIR FLOW WHEN TEMPERATURE) 
THROTTLE OPENS 
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5. CATALYST AND THERMACTOR MTA Systems: Non EEC 
lud MEL aO MN C ADS 


TYPICAL VACUUM SCHEMATIC FOR MTA SYSTEM NON-EEC 


* 19 liter 2V with MTX shown 
* Code numbers same as on preceding page 


x 
á 
Е 
- 
ш 
2 
u 


L κκ VALVE 
D Бун MAN 


TYPICAL INSTALLATION 


TO 
EXHAUST 


COMBINATION 
CONTROL 
VALVE 


TO CATALYST 
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MTA Systems: Моп-ЕЕС 5. CATALYST AND THERMACTOR 


COLD START-UP OPERATION VACUUM IS BLOCKED 


== 


CWM IS 
COLD AND 
CLOSED 


NO VACUUM TO 


x 


aan lees 
Salas = —» 
» --- 
MANIFOLD 


mu 
U LI 


HT 


WARM AIR CLEANER; COLD COOLANT OPERATION 
° Throttle off idle (1) CWM IS WARM 
AND OPEN 


(2) BvPASS VACUUM 
IS ON 


(3) AIR αοες i 
ΤΟ DIVERTER [ 


ETARD 
DELAY 
VALVE <——(4) pvsis 
COLD AND 
CLOSED 
NO VACUUM TO 


DIVERTER VALVE 
DIAPHRAGM 


-- TWC r 
DOWNSTREAM AIR FLOWS 
UPSTREAM TO UPSTREAM 
EXHAUST MANIFOLD 
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5. CATALYST AND THERMACTOR MTA Systems: Non-EEC 


WARM AIR CLEANER; WARM COOLANT CWM IS WARM 
* Normal cruise operation AND OPEN 
* Catalyst has warmed 


BYPASS VACUUM —3 
IS ON 


=e: E 
| πα ‚= 
h ә ВЕТАВО S ` 
! DELAY = 
AIR FLOWS Г VALVE MANIFOLD 
TO DIVERTER ime 


a= 

m. i 

E: PVS IS WARM 
5 


АМО ОРЕМ 
AIR FLOWS — 


TO CATALYST 


VACUUM IS APPLIED 
TO DIVERTER 
DIAPHRAGM 


DOWNSTREAM UPSTREAM 


WIDE-OPEN THROTTLE OPERATION RETARD DELAY VALVE 


(1) MANIFOLD VACUUM 
e Prevents backfire from rich exhaust ep ee tl Na BECOMES WEAK 


(Š) WHEN VACUUM IS BLEEDS IT OFF | 
WEAK ENOUGH, 


DIAPHRAGM RETURNS à 
aim 


TO OPEN 


DUMPED TO Sin 

ATMOSPHERE | s AIR 
UNTIL | ; - = PUMP 
THROTTLE 


CLOSES A n MANIFOLD 


RETAR 
DELAY 
VALVE 


“УУМ 
NNNN 
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MTA Systems: Non-EEC 5. CATALYST AND THERMACTOR 


HOT CURB IDLE 
(2) BYPASS VACUUM 


TO DIVERTER 


IS ON ἡ 
(1) CWM IS WARM 
AND OPEN 
AIR FLOWS 7: 
= E 
2 H eas 
S —S— 


| “а “5” PORT 


| VACUUM IS 

RETARD ZERO AT 
DELAY CLOSED 
VALVE THROTTLE 


RETARD DELAY VALVE 
TWC BLEEDS OFF DIVERTER 


DOWNSTREAM VACUUM 
UPSTREAM 


RELIEF VALVE OPERATION 
ο Pump output is higher than air system can accept 
* High RPM cruise or acceleration 


(3) RELIEF 


ве (1) PuMP voLUME 


OPENS, 
EXCESS IS VERY HIGH 


AIR GOES 
OUT VENTS 


RETARD 
DELAY 
VALVE 


(J CHECK 


[1 VALVE 


(2) AIR FLOWS 
UPSTREAM OR 
DOWNSTREAM, DEPENDING 
ON VACUUM CONDITIONS 


A 
ες 
QU 


PAGE 5-15 


5. CATALYST AND THERMACTOR 


MTA Systems: Non-EEC 


HOW THE AIR CLEANER VACUUM SWITCHES WORK 


COLD WEATHER MODULATOR (CWM) THERMAL VACUUM SWITCH (TVS) 


* Used originally as a cold vacuum trap 
* Also can be used as on-off switch 
ο Senses inlet air temperature 


SYMBOL 


VACUUM 
SOURCE 


COLD BI-METAL (4) CHECK VALVE IS 


CLOSES PORT FOR VACUUM TRAP (2) BI-METAL DISC SEALS 


FUNCTION ONLY. 


ο Senses inlet air temperature 
* On-off control only 
* Looks identical to CWM 


SYMBOL 


WHITE, 
BROWN OR 
PURPLE 
INDICATES 


TEMP. SJ 
sETTING РУ SSS (1) LARGE PORT 


TO VACUUM 


SOURCE 
ΒΦ 


j 


(3) VACUUM 
OUT 


SOURCE WARM 


PORT (AGAINST “O” RING) 
COLD; OPENS PORTS WARM 


HOW THE RETARD DELAY VALVE PREVENTS CHANGE OF AIR FLOW IF 
VACUUM CHANGES ARE MOMENTARY 


* Allows free flow of vacuum during application to bypass or diverter diaphragm 
* Delays bleed back of vacuum when source vacuum drops 


TO APPLY VACUUM 


RESTRICTOR рр" 


(2 CHECK 
VALVE 
UNSEATS 

VACUUM 

APPLIES 

HERE 


FILTER 


CODED SIDE 
DIAPHRAGM 


WHEN SOURCE VACUUM DROPS 


(2) RESTRICTOR DELAYS 
FLOW 


CHECK 
VALVE 
(1) vacuum 
—— DROPS; AIR 
ENTERS TO 

VENT 


(3) vacuum 


TRAPPED AT 
MOTOR 
DIAPHRAGM FILTER 
COLOR 
CODED SIDE 
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5. CATALYST AND THERMACTOR MTA With EEC Control 


MANAGED THERMACTOR AIR (MTA) SYSTEMS WITH 
ELECTRONIC ENGINE CONTROL (EEC) 


e Solenoid vacuum valves used to shut vacuum off or apply vacuum to bypass and diverter 
diaphragms 
ο May be plumbed with combination air control valve, or separate bypass and diverter valves 


MTA-EEC SYSTEM WITH COMBINATION BYPASS/DIVERTER VALVE 


AIR CHECK VALVE 
PREVENTS EXHAUST GAS 
e 5.0 liter СЕ! shown FROM BACKING UP INTO 
VALVE AND PUMP 


FLOWS TO 
EXHAUST 
MANIFOLD 


(2) AIR CONTROL VALVE 
BYPASSES AIR OR 
CONTROLS FLOW TO (1) AIR PUMP SUPPLIES 
EXHAUST MANIFOLD SECONDARY AIR WHEN 
OR CATALYTIC DOWNSTREAM AIR FLOWS ENGINE IS RUNNING 
CONVERTER (5) TO CATALYTIC CONVERTER 


(6) THERMACTOR " BYPASS 
AIR BYPASS | 
(TAB) SOLENOID 
CONTROLS BYPASS 
VACUUM 


"T ad 


COMBINATION 
AIR 
CONTROL 
VALVE / “х2 ENLARGED VIEW 
DIVERTER OF AIR CONTROL 
VACUUM VALVE WITH 
SOLENOIDS 


(7) THERMACTOR AIR DIVERTER 
(TAD) 
SOLENOID CONTROLS 
DIVERTER VACUUM 
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MTA With EEC Control 5. CATALYST AND THERMACTOR 
——-----------—<——————-—-—-—-—-—-—-—-—-.-—-—.-—-—-—-—-—-—-—-—-—------:-:—-—-—-—-—-:—-—-:-—-——-—-:-:-:-—:-:-:-:—:—:—-—-—-—-—-——-:=:—-:-:—:—:-:-- —-—-- 


FUNCTIONAL SCHEMATIC: MTA-EEC SYSTEM WITH COMBINATION VALVE 
e 5.0 liter CFI car shown 


(1) TAB SOLENOID Is TAD SOLENOID IS 
NORMALLY CLOSED... aa NORMALLY CLOSED 


s 


(2) VACUUM TO BYPASS 
WHEN SOLENOID 


(7) MANIFOLD 
IS ENERGIZED 


VACUUM 
IS SOURCE 


(5) Мм, VACUUM TO 


UPSTREAM AIR ος DIVERTER 


TO CYLINDER WHEN SOLENOID 


HEADS IS ENERGIZED 
(EXHAUST : 
PORTS) E E (6) DOWNSTREAM AIR 

TO CATALYST 


VACUUM SCHEMATIC 
* Key numbers same as installation picture on preceding page 
* Colors are not same as vacuum hoses on vehicle 


CHECK VALVE 
PREVENTS 
BACK FLOW 
OF VACUUM 


VACUUM RESERVOIR 


MAINTAINS 
SOURCE 
VACUUM 
SUPPLY. 


— VRESER 
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5. CATALYST AND THERMACTOR MTA With EEC Control 


OPERATING MODES: MTA-EEC SYSTEM WITH COMBINATION VALVE 


ο 50 liter CFI car shown 
* Uses normally closed combination valve 


BY-PASS OPERATION (AIR DUMPED TO ATMOSPHERE) 


* Engine operation signals tell ECA that engine is cold or exhaust too rich 


(3) NO VACUUM TAB TAD DE-ENERGIZES 
BOTH 
SOLENOIDS 


(4) VALVE CLOSES 
AND LETS AIR 
EXHAUST TO 


T (2) No vacuum 
ATMOSPHERE aM CATALYTIC 


TO 


CONVERTER DIVERTER 
-— Q— mon 


CYLINDER HEADS (DOWNSTREAM) 
(UPSTREAM) 


UPSTREAM OPERATION 


* Engine mode calls for air to exhaust manifold (warmup or rich exhaust) 


(1) ECA ENERGIZES 
TAB ТАР BOTH SOLENOIDS 
SOLENOID || SOLENOID 


(3) BYPASS VALVE 
OPENS...AIR 
CAN FLOW TO 
DIVERTER 
CATALYTIC —(5) DIVERTER VACUUM 
CONVERTER IS ALSO ON 
M et wet 


VALVE DIRECTS (DOWNSTREAM) 
AIR UPSTREAM 
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MTA With EEC Control 5. CATALYST AND THERMACTOR 
———————————— BM ES 


DOWNSTREAM OPERATION 


• ECA senses warm engine cruise condition 


(1) TAB SOLENOID 
a AND TAB 
тв M VACUUM ARE 


SOLENOID SOLENOID ON 


TAD 

SOLENOID 

IS 
DE-ENERGIZED 


(2) VALVE OPENS; 
AIR FLOWS TO 
DIVERTER 
SECTION 


VALVE MOVES 
TO DIVERT 
AIR 
DOWNSTREAM 


TAD VACUUM 


IS OFF 
— сатАуТС — 


CONVERTER 


UPSTREAM 


RELIEF VALVE OPERATION 
* Any operating mode except by-passing 


ο Depends on volume and pressure of air from pump TAB SOLENOID AND 


"d TAB VACUUM ARE ON 


TAD CAN 
BE ON OR 
OFF 


TAB 


(4) RELIEF VALVE ѕо/ ор оор 
OPENS, DIRECTS 
EXCESS AIR 
OUT VENT PORTS 


(3) AIR IS FLOWING 
TO DIVERTER 
SECTION AND 
TO EXHAUST 17 


— zm q J 
VALVE R Ë 
SYSTEM TAD VACUUM ` 
cuu ος πας 
CATALYTIC 
ας e CONVERTER 


UPSTREAM 


PAGE 5-20 


5. CATALYST AND THERMACTOR MTA With EEC Control 


MTA-EEC SYSTEM WITH INDIVIDUAL AIR BY-PASS VALVE AND AIR DIVERTER 
VALVE 


ο 5.0 liter car with multi-point injection shown 


BYPASS (1) AIR PUMP SUPPLIES 
VACUUM PORT SECONDARY AIR WHEN 
> ENGINE IS RUNNING 


(6) THERMACTOR AIR 
BYPASS SOLENOID 
CONTROLS BYPASS 
VACUUM 


THERMACTOR 


ду, 
\ Rt 
AIR DIVERTER S ч 8 
(TAD) SOLENOID T JW 742, 
CONTROLS < 
cua (2) AIR BYPASS VALVE ° 0 s 
DUMPS AIR TO ATMOSPHERE ος O 
OR ALLOWS IT TO FLOW TO М 
AIR CONTROL VALVE FRONT OF 
ENGINE 


(з) AIR DIVERTER VALVE 
DIRECTS 
AIR TO CYLINDER HEADS 
(UPSTREAM) OR TO 
CATALYTIC 
CONVERTER (DOWNSTREAM) 


—I«——— —— -DIVERTER 


(4) UPSTREAM 
AIR 
FLOWS 
TO EXHAUST PORTS 


AIR CHECK 
VALVES PREVENT 
EXHAUST GAS FROM 
REAR OF BACKING UP INTO 
ENGINE VALVES AND PUMP 


DOWNSTREAM 
AIR FLOWS 

TO CATALYTIC 
CONVERTER 
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MTA With ЕЕС Control 5. CATALYST AND THERMACTOR 


FUNCTIONAL SCHEMATIC: MTA-EEC SYSTEM WITH BYPASS VALVE AND DIVERTER 
VALVE 
* Typical of a 5.0 liter car with multipoint EFI or truck with EFI 


(4) тар (5) VACUUM TO 
SOLENOID AIR DIVERTER VALVE 
IS NORMALLY WHEN SOLENOID IS ON 


(6) UPSTREAM AIR 
poou TO EXHAUST 


CLOSED bm 


=J 
VACUUM 24 
SOURCE IS 


MANIFOLD wen (7) DOWNSTREAM 


AIR TO 
CATALYST 
EXHAUST EXHAUST CATALYTIC 
TAB MC 4 MANIFOLD MANIFOLD CONVERTER 
IS NORMALLY AIR 


CLOSED PUMP 
(2) vacuum TO 


BYPASS 
DIAPHRAGM WHEN 
TAB SOLENOID IS ON 


VACUUM SCHEMATIC (5.0L CAR EFI) 
ο Key numbers same as installations picture on page 5-21. 


(9) cHECK VALVE 
PREVENTS 
BACK FLOW 


(8) RESERVOIR 
OF VACUUM 


MAINTIANS SOURCE 
VACUUM SUPPLY 


(T) TAB» 
SOLENOID r 


TAB——» 
SOLENOID 
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5. CATALYST AND THERMACTOR MTA With EEC Control 
И 


VACUUM SCHEMATIC (5.0L TRUCK EFI) 


ο Code numbers equivalent to preceding page schematic (8) DIVERTER 
VALVE 
— 


(2) BYPASS 
VALVE 


RESERVOIR TAB SOLENOID 


TAD 
SOLENOID 


OPERATION IN BYPASS MODE (AIR DUMPED TO ATMOSPHERE) 


• Engine operation signals tell ECA that engine is cold or exhaust is too rich 


(1) ECA DE-ENERGIZES (2) No vacuum 
BOTH SOLENOIDS TO DIVERTER 


TAD 
SOLENOID 


EXHAUST EXHAUST CATALYTIC 
MANIFOLD MANIFOLD CONVERTER 


NO VACUUM (4) BYPASS VALVE CLOSES; 
TO BYPASS LETS AIR FLOW OUT 
VENTS TO ATMOSPHERE 
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MTA With EEC Control 9. CATALYST AND THERMACTOR 
a a a a pa ÓÉ— 


UPSTREAM OPERATION 
* Engine mode calls for air to exhaust manifold (warmup or rich exhaust) 


BYPASS VALVE OPENS DIVERTER VACUUM IS ON 
AIR FLOWS TO 


DIVERTER 
ECA (5) DIVERTER VALVE 


ENERGIZES DIRECTS AIR UPSTREAM 
BOTH 


SOLENOIDS 


MANIFOLD 
VACUUM 


Li Г] 
ТАВ | 
SOLENOID 
EXHAUST EXHAUST CATALYTIC 


BYPASS VACUUM Omp MANIFOLD MANIFOLD CONVERTER 
IS ON 


DOWNSTREAM OPERATION 


e ECA signals indicate a warm cruise condition 


TAD VACUUM (5) VALVE DIRECTS 
AIR DOWNSTREAM 


MANIFOLD 
VACUUM 


SOLENOID 


EXHAUST EXHAUST CATALYTIC 
MANIFOLD MANIFOLD CONVERTER 


VALVE OPENS AND 
TAB SOLENOID AIR FLOWS TO 
AND TAB VACUUM DIVERTER VALVE 
ARE ON 
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5. CATALYST AND THERMACTOR 


TAB AND TAD SOLENOID OPERATION 


e° Normally closed valves used on most systems 


MTA With EEC Control 


NORMALLY CLOSED SOLENOID VACUUM VALVE 


* Used for TAB and TAD 
e Applies vacuum on and vents vacuum off 
ο Ports are parallel and side-by-side 


(4) ECA SIGNAL TO 


ELECTRICAL CONNECTOR 
(2) VENT IS OPEN 
DE-ENERGIZED 


< sq < 
[7 АМУ 
SPRING I L 1⁄4 
q s 


PLUNGER LIFTS 
TO OPEN VALVE 
WITH SOLENOID 
ENERGIZED 


NORMALLY OPEN SOLENOID VACUUM VALVE 

* Used for TAB or TAD to apply vacuum with solenoid off 
* Closed and vents diaphragm with solenoid on 

* Ports are 90 degrees apart 


(2) souncE vacuuM 
TO INLET 
PORT 


SPRING 


PLUNGER LIFTS 
TO CLOSE 

OFF INLET 
PORT WITH 
SOLENOID ON 


VENT IS OPEN 
TO VENT OUTLET 
PORT WITH 
PLUNGER UP 
(SOLENOID ON) 
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(5) OUTLET PORT 
TO VALVE DIAPHRAGM 


(4) SOURCE VACUUM 
TO INLET PORT 


SYMBOL 


SIGNAL 
TO ELECTRICAL 
CONNECTOR 


(8) OUTLET PORT 
TO VALVE 
DIAPHRAGM; 
VENTED WITH SOLENOID 
ON 


MTA With EEC Control 5. CATALYST AND THERMACTOR 


NORMALLY CLOSED AIR BYPASS VALVE OPERATION 


* Closed with vacuum off; vents air 
ο Non-vacuum bleed type used with EEC control 
* May be in-line or pump mounted (valves shown are identical except mounting) 


SYMBOL 


WITH VACUUM 
OFF... о 


AIR ВУР 


CLOSED, NO 
т, INLET (FROM 
AIR PUMP) 


VENTS THROUGH 
POLYESTER SILENCER 
AND VENT 

PORTS 


IN LINE MOUNTING PUMP MOUNTING 


AIR DIVERTER VALVE — Ü 
ο Receives air from bypass valve outlet 
* Delivers air to upstream (manifold) or downstream (catalyst) air hose 
* Operation is identical to diverter section of combination valve 
* Outlets A and B to either hose, depending on control logic 
VACUUM 
APPLIED HERE 


(4) AIR TO PORT BYPASS VALVE 
A WITH OUTLET A (2) INLET FROM 


VACUUM "е 


AIR TO PORT B WITH 
NO VACUUM 


"OUTLET B 
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5. CATALYST AND THERMACTOR Managed Thermactor Air (MTA) 


WHAT CAN GO WRONG WITH A MANAGED THERMACTOR AIR SYSTEM 
Remember that the Thermactor system usually doesn't affect engine performance. Most problems, other than 
noise, will show up only during tailpipe probe testing of the exhaust gas. 


ο Anything that causes the air to dump (bypass) continually will increase the HC, CO and NOx in the exhaust. 
Usually the cause is a loss of vacuum to the bypass diaphragm. 


If the air is diverted upstream too early, or with the exhaust too rich, it can cause backfiring in a rich exhaust. 
This can be caused by a vacuum loss if a normally open TAB solenoid is used. 


If the air goes downstream when it should be upstream, it can cause catalyst damage in a rich exhaust 
condition by overheating the catalyst. 


IMPORTANT: Anytime a restricted catalyst has to be replaced because of too much exhaust back pressure, 
be sure to check the MTA system functions. 


Here is a summary of possible problems with MTA control: 
IN THESE CONDITIONS THE RESULT CAN BE the SYMPTOMS CAN BE 


Vacuum source leaked or No air to exhaust High tailpipe emissions 
plugged ahead of TAB 
diaphragm 

Cold weather modulator (or 
TVS) fails closed 

TAB solenoid stuck closed 


PVS fails closed Air upstream only; High NOx emission 
TAD solenoid stuck No downstream Two-way catalyst overheated 
closed 


PVS fails open Air downstream too soon High HC-CO 
TAD solenoid stuck open Three way catalyst overheated 


TAB solenoid stuck open Air upstream with cold engine Backfire 
Catalyst damage 

Vacuum connected directly to 

TAB diaphragm 
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МТА Testing 5. CATALYST AND THERMACTOR 
lu  '— ——  !!—— —— ''''YO!n€ AGE ILOLL.OLLLLLLLBLILLLLOBBSA.LPLAALLLALLALAAÉewlwmpEu» -GG—]ÁhReInóáio||YáX Lá] LÀÁÁóLÉiós tí] 


HOW TO TEST THE COMBINATION AIR BYPASS/DIVERTER VALVE — 


* Test applies to valve with normally closed bypass section 
ο Run engine at fast idle (1500 RPM) 
e Squeeze hoses to feel air flow; or disconnect if necessary 


(1) APPLY VACUUM a 


THEN RELEASE 

* AIR MUST COME OUT (з) APPLY VACUUM AND TRAP 
DUMP PORTS WITH ° AIR MUST DIVERT 
VACUUM OFF.: TO PORT "A" WITH 
AIR MUST COME OUT VACUUM HERE. 
PORT “B” WITH AIR MUST SWITCH 
VACUUM ON. BACK TO “В” WITH 

VACUUM RELEASED. 


(2) TRAP BYPASS VACUUM © TEST CONTROLS BY 
SO AIR IS FROM “B”.——> CONNECTING VACUUM 
HOSES ONE AT A TIME 
* AIR MUST COME OUT PORT B WITH 
BYPASS VACUUM ON 
* SHOULD SHIFT TO PORT A WITH 
DIVERTER ON AT 3000 RPM WITH 
ENGINE WARM. CHECK VACUUM 
SOURCES OR EEC CONTROL IF 
NOT OK. 


HOW TO TEST NORMALLY CLOSED BYPASS VALVE 
ο Applies to valve without vacuum vent 
See Conventional Catalyst for vacuum vent bypass valve 
Disconnect air outlet hose or squeeze hose to feel air flow 
Engine at fast idle (1500 RPM) 


REMOVE VACUUM 
HOSE...THEN CONNECT VACUUM 
CONNECT HOSE 
* AIR MUST COME OUT 
THIS PORT (VENT AIR 
FLOW MUST REDUCE 
SIGNIFICANTLY) 
IF NO AIR FLOW, 
An BUST APPLY VACUUM WITH 
COME OUT EXTERNAL SOURCE 
VENTS 


REPLACE VALVE IF IT FAILS TEST. 

CHECK VACCUM CONTROL OR EEC 
SYSTEM IF VALVE WORKS OK ONLY 
WITH EXTERNAL VACUUM SOURCE. 
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5. CATALYST AND THERMACTOR 


HOW TO TEST A DIVERTER VALVE 
* Engine at 1500 RPM 
e Disconnect air hoses or squeeze to feel air flow 


(2) REMOVE AND CONNECT ——— — — —» 
VACUUM HOSE 


OUTLET A MUST HAVE 
AIR FLOW WITH 
VACUUM ON; LITTLE 
OR NONE WITH 
VACUUM OFF 


TEST WITH EXTERNAL 
VACUUM SOURCE IF VALVE 
FAILS TO DIVERT TO A WITH 
VACUUM ON 


CHECK CONTROL SYSTEM IF 
OK IN STEP 5. IF NOT, 
REPLACE VALVE. 


ο 


κά 


z^ 


MTA Testing 


VERIFY AIR FLOW FROM 
BYPASS VALVE. CONNECT 
AIR HOSE IF REMOVED. 


No OUTLET B MUST HAVE AIR 


FLOW WITH VACUUM HOSE 
OFF; 


LITTLE OR NO FLOW 


WITH VACUUM ON 


(1) DISCONNECT 
AND PLUG BOTH 


HOSES 2 


COLOR 
CODE 


SENSOR 


OPERATE ENGINE (4) 
UNTIL COOLANT 
WARMS ABOVE 

PVS SETTING 


(6) REPEAT ЅТЕР (3) 

ABOVE. VACUUM SHOULD 
REGISTER ON GAUGE IMMEDIATELY. 
IF IT DOESN'T, OR BUILDS SLOWLY, 
PVS IS DEFECTIVE. 
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HOW TO TEST EGR-PVS IN DIVERTER VACUUM SYSTEM 


(2) CONNECT VACUUM GAUGE 
TO ONE PORT AND 
REMOTE VACUUM 


" TO OTHER 


(3) APPLY 10 INCHES 
VACUUM TO VALVE 


SEE IF THERE IS 
A VACUUM READING 
ON THIS GAUGE. IF 
THERE IS, PVS IS 
DEFECTIVE. 


Managed Thermactor Air 5. CATALYST AND THERMACTOR 
—O'—————————————————————————— - —_—-—-—-—-—-—_—-+-—---—----—-—-:-:—---—-—-—-—-—Є-—-—-—--—-————————————- 


HOW TO TEST COLD WEATHER MODULATOR OR TEMPERATURE VACUUM SWITCH 
(IN BYPASS VACUUM SUPPLY) 


ο Test in or out of air cleaner housing 
ο Engine off before cooling with R-12. Wear goggles 


(2) COOL WITH R-12; 
A THEN HEAT 
SMALL PORT * MUST HOLD 
OPEN VACUUM COLD 


(1) ATTACH VACUUM SOURCE * MUST RELEASE 
TO LARGE PORT (CENTER) PORT — VACUUM HOT 


APPLY 16 INCHES 
VACUUM AND 
TRAP 


REPLACE THE CWM OR TVS IF IT FAILS TEST 


HOW TO TEST THE RETARD DELAY VALVE 


ATTACH VACUUM 

GAUGE TO LARGE 

(COLOR SIDE) PORT 

О, ATTACH VACUUM SOURCE TO 
SMALL (WHITE) PORT 


(3) APPLY 10 INCHES 
VACUUM AND \ 


(4) CHECK THAT GAUGE 
READS 10 INCHES 


® OPEN BLEED VALVE TO RELEASE 


COUNT SECONDS IT TAKES TO 
DROP FROM 8 INCHES TO ZERO 
VACUUM COMPARE WITH SPECIFICATIONS. 


REPLACE VALVE IF IT FAILS STEP @ OR ©. 
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5. CATALYST AND THERMACTOR MTA System Testing 


HOW TO TEST A NORMALLY CLOSED TAB OR TAD SOLENOID VACUUM VALVE 


(3) ENERGIZE WITH JUMPER 
WIRES 
* MUST CLICK IN 
e MUST PASS AIR BETWEEN 
PORTS 
* NO AIR OUT VENT 


(2 BLOW INTO DIAPHRAGM 
PORT. MUST BE VENTED 
WITH SOLENOID inan m 


(Т) BLOW AIR INTO 
BOTTOM PORT. — 
MUST NOT PASS AIR 
WITH SOLENOID OFF 


HOW TO TEST A NORMALLY OPEN TAB OR TAD SOLENOID VACUUM VALVE 


12 VOLTS 
(1) BLOW AIR INTO 
TOP PORT. 
* MUST PASS AIR TO BOTTOM 
WITH SOLENOID OFF. 
* NO AIR OUT VENT —> 


(2) ENERGIZE WITH 
JUMPER WIRES 
* MUST CLICK IN 
(3) BLOW INTO BOTTOM * TOP PORT MUST 
PORT WITH SOLENOID ON NOT PASS AIR 


* MUST PASS AIR THROUGH TO BOTTOM 
VENT b 
* NO AIR ТО TOP PORT 


REPLACE SOLENOID 
IF IT FAILS TEST 
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5. CATALYST AND THERMACTOR Conventional Thermactor 
———Ó———— а — ————snus—'——— s: l U. UU — — uu ua 


CONVENTIONAL THERMACTOR (CT) SYSTEMS 


Conventional Thermactor systems are used with some engines that do not have three-way catalysts. They may 
have a conventional catalyst; or no catalytic converter (some truck engines). 


The air will be delivered either to the exhaust manifold; or bypassed to the atmosphere. 


Several types of bypass valves and controls are used to bypass (dump) the air if the exhaust is too rich. 


OPERATING SCHEMATIC FOR CONVENTIONAL THERMACTOR (CT) SYSTEM 


(1) AIR PUMP OUTPUT 
IS TO BYPASS 
(3) VACUUM SIGNAL VALVE 
TO DIAPHRAGM 
CONTROLS BYPASS 


VALVE idi “s 


(5) IN NORMAL OPERATION, 
AIR FLOW IS 
UPSTREAM OF 


CATALYST(S) I 


(2) BYPASS VALVE 
CAN “DUMP” AIR 
TO ATMOSPHERE OR 
DIRECT IT TO 
EXHAUST MANIFOLD(S) 


CONVENTIONAL 
CATALYSTS MANIFOLDS 


(4) "SILENCER" 
VENT PORTS 
OPEN TO 
ATMOSPHERE 
FOR "DUMP" 

OR RELIEF VALVE 
OPERATION 
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CT Systems 5. CATALYST AND THERMACTOR 


AIR BYPASS VALVES FOR CONVENTIONAL THERMACTOR SYSTEMS 


NON-DIFFERENTIAL, NORMALLY CLOSED BYPASS VALVE 

ο Also used in MTA systems for bypass function SYMBOL 
ο Closed with vacuum off; vents air ("fail-safe" design) 

* May be in-line or pump mounted (valves shown are identical except mounting) [ Pe 


AIR BPV 


(1) WITH VACUUM 
OFF... 


(2) VALVE IS 


CLOSED, NO 


AIR TO INLET (FROM 


OUTLET 
WITH VACUUM AIRRUMP) 


ON, VALVE OUTLET 
OPENS; AIR 

FLOWS TO 

OUTLET 


VENTS THROUGH 


POLYESTER SILENCER 
AND ут — 
PORTS 


IN LINE MOUNTING PUMP MOUNTING 


NORMALLY OPEN BYPASS VALVE WITHOUT VACUUM VENT 


e "Differential" design dumps air momentarily when vacuum is high in deceleration т 
* Prevents backfire during deceleration. 


(3) VACUUM BLEEDS INTO 
UPPER CHAMBER THROUGH 
TIMING ORIFICE 


(6) TIMING ORIFICE 
DELAYS VALVE 

CLOSIN GWHEN 
VACUUM DROPS 


MANIFOLD VACUUM 
APPLIED TO CONTROL PORT 


VENT TO ATMOSPHERE 
MAIN VALVE 


(5) ALLOWING AIR 
TO FLOW TO 
OUTLET PORT 


(1) AIR FROM PUMP 
ENTERS INLET PORT 


(4) VALVE OPENS FROM 
SPRING FORCE 
WHEN PRESSURE 
EQUALIZES ABOVE 
AND BELOW 

DIAPHRAGM... 


RELIEF VALVE 
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CT Systems 


5. CATALYST AND THERMACTOR 


NORMALLY OPEN BYPASS VALVE WITH VACUUM VENT 


* Air to manifold when vacuum is on 


* Operates same as normally open valve without vacuum vent when vent is closed 
* Can be pump mounted or inline mounted 


(3) 


DIAPHRAGM 


SPRING 


(4) VALVE OPENS 
FROM SPRING 
FORCE WHEN 
VACUUM IS EQUAL 
ABOVE AND 
BELOW DIAPHRAGM 


AIR OUTLET 
(TO AIR MANIFOLD) 


AIR FLOWS TO 
OUTLET WITH 
VALVE OPEN 


WITH VENT PORT 
CLOSED, VACUUM 
BLEEDS INTO CHAMBER 


ABOVE DIAPHRAGM (1) UPPER CHAMBER 
HAS A VACUUM 


VENT PORT; 
CONNECTED TO A 
VENT CONTROL 
VALVE OR SOLENOID 
VACUUM VALVE 


(2) CONTROL VACUUM 
APPLIED TO 


=æ PORT UNDER 
° FEN 
а | DIAPHRAGM 


E 
n 


AIR INLET 
(FROM THERMACTOR PUMP) 


WHEN UPPER CHAMBER 
IS VENTED AND CONTROL 
VACUUM STAYS ON... 


AIR IS DUMPED THROUGH 
SILENCER AND 
VENT OPENINGS 


SYMBOLS 


EXTERNAL VIEW OF am Шиш! 


PUMP-MOUNTED VALVE 


AIR BPV AIR BPV 
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CT Systems 5. CATALYST AND THERMACTOR 


NORMALLY CLOSED BYPASS VALVE WITH MANIFOLD VACUUM CONTROL 


* Air to manifold with vacuum on 
e Air is dumped when vacuum is off or weak ("fail safe" feature) 
TYPICAL VACUUM SCHEMATIC 


NORMAL OPERATION 
* Closed throttle or part throttle @ VACUUM IS ON 


(2) DIAPHRAGM PULLED UP 


AIR FLOWS | | 
TO MANIFOLD NS AIR PUMP 


RELIEF 
VALVE CLOSED 


(2) DIAPHRAGM à (1) VACUUM IS ZERO 
VACUUM LOW OR OFF RETURNED BY OR VERY LOW 


ο Wide open throttle or vacuum loss SPRING FORCE (3) MAIN VALVE 


CLOSES 


AIR PUMP 


RELIEF/DUMP VALVE 
OPENS 
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5. CATALYST AND THERMACTOR CT Systems 


NORMALLY CLOSED BYPASS VALVE WITH TEMPERATURE VACUUM SWITCH — 
CONTROL 


• Dumps Thermactor air at cold ambient temperature (cold air cleaner) 
Dumps air during prolonged idle 
"E" or "S" port vacuum source (also control EGR valve operation) 
Cold weather modualtor (CWM) may be used in place of temperature vacuum switch (TVS) 
Ported vacuum switch (PVS) used on some truck V8 for cold engine lockout. 


VACUUM SYSTEM 
e 3.8 liter 2V shown 


EGR CONTROL (REF) 


a 


w 
FUNCTIONAL SCHEMATIC 
(З) VACUUM IS TEED 
TO EGR VALVE (2) TEMPERATURE 
OR EGR-PVS VACUUM 
SWITCH (TVS) 
(5) RESERVIOR MAY РА NORMALLY OPEN, 
BE USED TO CLOSED BELOW 600 F. 
INCREASE AIR FLOW 
TIME BEFORE DUMP 
AT IDLE 
AIR CLEANER 
IS PORTED 
RETARD DELAY (“5”) OR 
VALVE TRAPS EGR ("E") 
VACUUM MOMENTARILY 
IF SOURCE 
VACUUM DROPS 
AIR PUMP кый 
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CT Systems 


WARM ENGINE OR NORMAL OPERATION 
* Air cleaner temperature above 60? F. 


* Throttle open to "cruise" operation 


VACUUM AVAILABLE ——— 
TO EGR SYSTEM 


(4) RETARD DELAY —— — — 
VALVE LETS 
VACUUM FLOW 
FREELY... 


(5) TO DIAPHRAGM 


AIR PUMP 


AIR FLOWS FREELY 
TO MANIFOLD 


CLOSED 


COLD ENGINE OPERATION 
ο Air cleaner temperature below 600 F. 


NO VACUUM AVAILABLE ————> 
TO EGR VALVE 


(4) DIAPHRAGM 
IS SPRING 
RETURNED 


(6) STEM MOVES 
DOWN; OPENS 
RELIEF/DUMP 
VALVE 


AIR FLOWS TO ATMOSPHERE 
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5. CATALYST AND THERMACTOR 


TVS OPEN WITH 
AIR CLEANER 


AIR CLEANER 


(1) VACUUM AVAILABLE 
WITH THROTTLE 
OPEN 


(1) VACUUM IS 
AVAILABLE 
WITH THROTTLE 
OPEN 


5. CATALYST AND THERMACTOR CT Systems 


EXTENDED IDLE OR EXTENDED DECELERATION 
* Can also occur during prolonged wide-open throttle operation 


(2) TVS is ОРЕМ 
IF AIR 
CLEANER IS 
WARM 


(3) No vacuum 
TO EGR 
SYSTEM 


(4) vacuuM BLEEDS 
DOWN THROUGH RETARD < “AIR CLEANER 
DELAY VALVE 


(S) PIAPHRAGM (6) VALVE (1) VACUUM IS 
CLOSES OFF (OR 

TO CLOSED VERY WEAK 
x: AT МОТ) 


AIR PUMP 


(7) RELIEF/DUMP 
VALVE OPENS 


(8) AIR DISCHARGED 
TO ATMOSPHERE 


PRESSURE RELIEF VALVE OPERATION 


* High air pump volume or restriction in air system VACUUM 
ON 


(2) AIR IS FLOWING — 
TO MANIFOLD эг AIR PUMP 


(3) EXCESS VOLUME/PRESSURE 
FORCES RELIEF VALVE 
OPEN 


EXCESS AIR TO 
ATMOSPHERE 
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CT Systems 5. CATALYST AND THERMACTOR 


HOW THE AIR CLEANER VACUUM SWITCH WORKS 


TEMPERATURE VACUUM SWITCH (TVS) COLD WEATHER MODULATOR (CWM) 
ο Senses inlet air temperature * Used originally as a cold vacuum trap 

ο On-off control only * Also can be used as on-off switch 

* Looks identical to CWM SYMBOL ο Senses inlet air temperature 


SYMBOL 


INDICATES / βὴ 
TEMP. Q) LARGE 
SETTING ЙИ (1) LARGE PORT PORT WARM 
3 TO VACUUM TO BI-METAL 
SOURCE VACUUM OPENS 
SOURCE VALVE 


Ç КУУУ x 
(3) VACUUM 
(2) BI-METAL DISC SEALS oUm 
PORT (А CHECK VALVE IS 


PORT (AGAINST “О” RING) (2) COLD BI-METAL FOR VACUUM TRAP 
COLD; OPENS PORTS WARM CLOSES PORT FUNCTION ONLY. 


HOW THE RETARD DELAY VALVE OPERATES TO TEMPORARILY TRAP VACUUM 


* The retard delay valve contains an umbrella type check valve and a sintered steel restrictor to delay release 
of vacuum. 


e Delay valve (SDV) works the same, but has filter on the opposite side 
ο The valve is color-coded to indicate the release delay time 


TO APPLY VACUUM WHEN SOURCE VACUUM DROPS 


— (2) RESTRICTOR DELAYS 
RESTRICTOR Sing FLOW 
(2) CHECK 
VALVE CHECK 
UNSEATS SOURCE 
VACUUM 
APPLIES 
тае DROPS; AIR 


τι 
| == ENTERS TO 
| VENT 
TRAPPED AT d 
(з) VACUUM MOTOR l: 


DIAPHRAGM FILTER 


COLOR COLOR 
CODED SIDE CODED SIDE 


DIAPHRAGM 


PAGE 5-39 


5. CATALYST AND THERMACTOR 


WIDE-OPEN THROTTLE LOAD CONTROL VALVE 


e Vents vacuum to bypass valve when throttle is wide open 


TO VENTURI 
VACUUM — 


SOURCE 


VACUUM TO DIAPHRAGM 


NORMAL OPERATION (CRUISE) 


TO VENTURI 
PORT 


CT Systems 


SYMBOL 


(2) sPRING PUSHES (1) VENTURI VACUUM 


DIAPHRAGM 


(3) AIR VENTS 
CLOSED AS 
DIAPHRAGM 
SEATS 


(4) source 


VACUUM IS 
STRONG 


TO VENTURI 
WIDE-OPEN THROTTLE PORT 


IS WEAK 


SOURCE VACUUM 
GOES TO DIAPHRAGM 
FULL STRENGTH 


(1) VENTURI VACUUM 


(2) DIAPHRAGM 
PULLED UP 


(3) VENT VALVE 
UNSEATED 


(4) source 


VACUUM IS 
VENTED 
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IS STRONG 


(5) ATMOSPHERIC 
PRESSURE IS 
APPLIED TO DIAPHRAGM 
(OF BYPASS VALVE) 


CT Systems 5. CATALYST AND THERMACTOR 
Э 


TYPICAL СТ SYSTEM OPERATION WITH LOAD CONTROL (МОТ) VALVE 
ο 23L HSC (Canada) shown 


VACUUM SYSTEM 


VACUUM TEED 
AT EGR-PVS p 


OW 


EGR VACUUM —— 
PORT 


VENTURI 
VACUUM 
PORT 


FUNCTIONAL SCHEMATIC (WOT OPERATION SHOWN) 
COLD WEATHER 


(7) vacuuM DELAYS (3) WEAK VACUUM MODULATOR OPEN 
VALVE DELAYS TO EGR VALVE 
VENTING OF 
EGR CONTROL VACUUM 


AIR CLEANER 


BYPASS DIAPHRAGM // 
IS VENTED // 
INSTANTLY / (%) EGR VACUUM 
| STRONG IS WEAK 
VENTURI 
VACUUM 
OPENS WOT 
VALVE VENT 


AIR FLOWS 
TO ATMOSPHERE 
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5. CATALYST AND THERMACTOR CT Systems 


THERMACTOR IDLE VACUUM VALVE 


* Controls vent on normally closed bypass valve with vacuum vent 


SYMBOL 


SMALL PORT 


Lo TO BYPASS 


VALVE VENT 


LARGE PORT 
TO VACUUM 
SOURCE VENT PORT 


VENTING POSITION (THERMACTOR AIR DUMPED) 
* Closed throttle or wide open throttle (3) VALVE IS UP 


(4) VENTS ARE 


[Aon τὸς POWER DIAPHRAGM 
pur A LAN IS UP 
tC AIR BYPASS dg κα sa 


VACUUM p LZ 


(5) TOP PORTION OF AIR 
BYPASS VALVE IS 
VENTED 4 WITH THROTTLE CLOSED, 
| SOURCE VACUUM (“Е” OR 
“S”) IS ZERO 


NON-VENTING POSITION (AIR TO ENGINE) 
e Throttle off idle or cruise 


(4) VENTS ARE (3) VALVE SEATS 


CLOSED 


POWER DIAPHRAGM 


TO AIR BYPASS F IS PULLED 
VACUUM VENT Β " DOWN 


(5) VACUUM AT THIS (Т) VACUUM IS ON 
PORT DEPENDS 
WITH THROTTLE 
ON BYPASS VALVE aZ OPEN 


VENT CHAMBER 
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CT Systems 5. CATALYST AND THERMACTOR 


CONVENTIONAL THERMACTOR SYSTEM WITH IDLE VACUUM VALVE 


TYPICAL VACUUM SYSTEM 
e 2.0 liter shown 


TO PURGE CONTROL 
VALVE (REF) 


FUNCTIONAL SCHEMATIC 


(4) RESERVIOR CAN 

BE USED TO 

INCREASE DUMP 

TIME DELAY (з) VACUUM CAN 

BE TEED TO 
(5) шь EGR OR (2) туз SWITCH Is 

VACUUM CANISTER NORMALLY OPEN a 
VALVE IS PURGE CLOSED BELOW 60° F. 


NORMALLY OPEN 
AIR CLEANER 


(6) RETARD DELAY VALVE. (1) VENT PORT 
TRAPS VACUUM SOURCE 
TEMPORARILY IF VACUUM 
VACUUM 1 DROPS AVAILABLE 
WITH THROTTLE 
—————(7) MANIFOLD OPEN 
VACUUM APPLIED 
TO LOWER PORT 


AIR PUMP 
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5. CATALYST AND THERMACTOR CT Systems 


NORMAL OPERATION: ENGINE WARM 
ο Air cleaner temperature above 60° F. 
* Throttle at cruise operation 


VACUUM AVAILABLE 
TO EGR OR 
PURGE CONTROL 


(5) AND ACTS ON / 


IDLE VACUUM 

VALVE TO 

CLOSE VENT (4) VACUUM FLOWS 
FREELY THROUGH 
RETARD DELAY 


VALVE... \ AIR CLEANER 
(6) MANIFOLD [ 

VACUUM BELOW 

DIAPHRAGM BLEEDS 
THROUGH TIMING 


ORIFICE. TO MANIFOLD 
Ф Асим (1) vacuum is 


AVAILABLE 
WITH THROTTLE 
OPEN 


RT 


| AIR PUMP 


— 


SIDES OF DIAPHRAGM, (9) AIR FLOWS FREELY 
SPRING OPENS THROUGH TO MANIFOLD 
TOP VALVE 


(7) WITH vacuum 
EQUAL ON BOTH 


RELIEF/DUMP 
VALVE CLOSES 
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CT Systems 5. CATALYST AND THERMACTOR 
—— —— — ———————————————————— 


COLD ENGINE OPERATION 


ο Air cleaner temperature below 600 F. 
e Thermactor and EGR systems "locked out" 


(3) No vacuuM 
AVAILABLE 
TO EGR 
VALVE OR 
PURGE VALVE 


(4) ATMOSPHERIC 
VENT IS 
OPEN 


| 

ANN 

Ф 
A NX AIR CLEANER 
σπα 3⁄ 

/ CO deem 
(5) Top oF 3 (6) vacuum PULLS 
DIAPHRAGM DIAPHRAGM DOWN 


IS VENTED TO 


ATMOSPHERE Š ΒΡ το MANIFOLD 


VACUUM VACUUM IS 


AVAILABLE 
WITH 
THROTTLE 
OPEN 


@ AIR VALVE | | AIR PUMP 
CLOSES É j 


RELIEF/DUMP 


VALVE OPENS 
AIR FLOWS TO 


ATMOSPHERE 
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5. CATALYST AND THERMACTOR 


EXTENDED IDLE OPERATION 
* Throttle closed more than 30-60 seconds 
ο EGR or purge off instantly: Thermactor after delay 


(4) AFTER DELAY, 
RETARD DELAY 
VALVE BLEEDS 
DOWN VACUUM 
FROM IDLE 
VENT VALVE 


DIAPHRAGM IS c 


N 


VENTED 


MANIFOLD VACUUM 
PULLS 
DIAPHRAGM 


ALL VALVE 


SEATS 


(9) RELIEF/DUMP VALVE 
OPENS 


© 


> TO MANIFOLD 


VACUUM 


AIR PUMP 


AIR FLOWS TO 
ATMOSPHERE 
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CT Systems 


NO VACUUM 
AVAILABLE 
TO EGR OR 
PURGE VALVE 


a 


NO VACUUM WITH 
THROTTLE CLOSED 


CT Systems 5. CATALYST AND THERMACTOR 


DECELERATION 


* Throttle closed momentarily; air is dumped momentarily 
ο |f retard delay valve interval is exceeded, operation is same as extended idle 


NO VACUUM TO 
EGR OR PURGE VALVE 


VALVE TRAPS 
CLOSED VACUUM FROM 
CRUISE MODE 


l 


СА \ 
AS < AIR CLEANER 
a 


24 


VENT — 
- [θα 


VACUUM FROM * 
CRUISE MODE 
IS TRAPPED 


@ TO MANIFOLD 
HIGHER MANIFOLD VACUUM 
VACUUM PULLS m 
DIAPHRAGM DOWN | 


(1) VACUUM IS ZERO 
WITH THROTTLE 
CLOSED 


кзн тонн `. 
B TESA =) AIR FLOW MANIFOLD 


τά bue < «4 ) RESUMES AFTER VACUUM 


i= - | EQUALIZES THROUGH 
| | TIMING ORIFICE 


AIR VALVE йы AIR PUMP 


CLOSES UNTIL q 
VACUUM 


| 
T——Á, 
Ὁ 
EQUALIZES — = AIR IS MOMENTARILY 
DUMPED 


RELIEF VALVE OPERATION 


e Excess pump output or air flow restriction VACUUM 


VACUUM IS IS ON 
TRAPPED 


(3) MANIFOLD vacuum 
EQUALIZES THROUGH & TO MANIFOLD 
TIMING ORIFICE VACUUM 


(4) SPRING OPENS 
AIR VALVE 
AND AIR FLOWS 


AIR PUMP 


(6) EXCESS AIR FLOWS (5) EXCESS PRESSURE/VOLUME 
TO ATMOSPHERE UNSEATS RELIEF VALVE 
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5. CATALYST AND THERMACTOR CT Systems 


WHAT CAN GO WRONG WITH CONVENTIONAL THERMACTOR SYSTEMS 


Remember that the Thermactor system usually doesn't affect engine performance. Most problems, other than 
noise, will show up only during tailpipe probe testing of the exhaust gas. 


ο Anything that causes the air to dump (bypass) continually will increase the HC, CO and NOx in the exhaust. 
Usually the cause is a loss of vacuum to the bypass diaphragm or vent. 


e A normally open bypass valve must have a tight connection to manifold vacuum in order to dump the air. 
If the vacuum is lost, it will divert air to the manifold all the time. This could cause backfire in rich exhaust 
conditions; or even catalyst damage (if used on a vehicle with catalyst). 


IMPORTANT: Anytime a restricted catalyst has to be replaced because of too much exhaust back 
pressure, be sure to check the Thermactor system functions. 
Here is a summary of possible problems with conventional thermactor control: 
IN THESE CONDITIONS THE RESULT CAN BE THE SYMPTOMS CAN BE 

Vacuum source leaked or No air to exhaust High tailpipe emissions 

plugged ahead of bypass 

diaphragm 
Bypass valve fails closed 
WOT valve fails closed 


TVS fails closed 


Venturi port on WOT valve to 
wrong source 


Air flow restricted 


Timing orifice plugged in 
bypass valve 


Bypass valve fails open Air to rich exhaust Induction backfire 
TVS fails open Poor performance if catalyst is 


Vacuum hose misrouting damaged 
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Testing CT Systems 5. CATALYST AND THERMACTOR 


HOW TO TEST NORMALLY CLOSED BYPASS VALVE 
* Disconnect air outlet hose or squeeze hose to feel air flow 
ο Engine at fast idle (1500 RPM) 


(1) REMOVE VACUUM 


HOSE THEN... 
~ (3) CONNECT VACUUM 
HOSE 


* AIR MUST COME OUT 
THIS PORT (VENT AIR 
FLOW MUST REDUCE 
SIGNIFICANTLY) 
ο IF NO AIR FLOW, 
(2) AIR MUST APPLY VACUUM WITH 


COME OUT EXTERNAL SOURCE 
VENTS 


REPLACE VALVE IF IT FAILS TEST. CHECK VACUUM CONTROL SYSTEM IF VALVE WORKS OK 
ONLY WITH EXTERNAL VACUUM SOURCE 


HOW TO TEST NORMALLY OPEN VALVE WITHOUT VACUUM VENT 


* Disconnect air outlet or squeeze hose to feel air 
e Engine at fast idle (1500 RPM) 


(1) REMOVE VACUUM 
HOSE, THEN... 


(2) AIR MUST 
COME OUT THIS 
PORT 


FROM 
PUMP 


APPLY VACUUM SOURCE 
TO VACUUM PORT...THEN... 
AIR MUST COME OUT 

THESE PORTS MOMENTARILY 


REPLACE VALVE IF IT FAILS TEST 
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5. CATALYST AND THERMACTOR Testing CT Systems 


HOW TO TEST BYPASS VALVE WITH VACUUM VENT 
* Disconnect air outlet hose or squeeze hose to feel flow 
* Engine at fast idle (1500 RPM) 


(1) DISCONNECT BOTH 
VACUUM HOSES... 
THEN... 


(2) AIR MUST FLOW 
OUT THIS PORT 


(3) CONNECT A 
MANIFOLD VACUUM 
SOURCE TO 
LOWER PORT... 
THEN... 


(4) AIR must FLOW 
OUT THESE PORTS 


(5) caP THIS PORT 


(6) HOLD MANIFOLD VACUUM 
SOURCE AT THIS 


PORT GOOSE ENGINE TO 


2000 RPM; RELEASE 

TO IDLE. UPON RELEASE 
AIR MUST STOP 

HERE MOMENTARLLY. . . 


AND AIR MUST FLOW 
OUT HERE MOMENTARILY 


REPLACE BYPASS VALVE IF IT FAILS ANY OF THESE TESTS 
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Testing CT Systems 5. CATALYST AND THERMACTOR 


HOW TO TEST COLD WEATHER MODULATOR OR TEMPERATURE VACUUM SWITCH 


* Test in or out of air cleaner housing 
* Engine off before cooling with R-12. Wear Goggles. 


(2) COOL WITH R-12; 
A 3 THEN HEAT 
SMALL PORT • MUST HOLD 
OPEN VACUUM COLD 


(1) ATTACH VACUUM SOURCE * MUST RELEASE 
TO LARGE PORT (CENTER) PORT — VACUUM HOT 


APPLY 16 INCHES 
VACUUM AND 
TRAP 


REPLACE THE CWM OR TVS IF IT FAILS TEST. 


HOW TO TEST A DELAY VALVE OR RETARD DELAY VALVE 


ATTACH VACUUM 

GAUGE TO LARGE 

(COLOR SIDE) PORT 

©) ATTACH VACUUM SOURCE TO 
SMALL (WHITE) PORT 


(3) APPLY 10 INCHES 
VACUUM AND И 


TRAP k." 


(4) CHECK THAT GAUGE 
READS 10 INCHES 


© OPEN BLEED VALVE TO RELEASE 
COUNT SECONDS IT TAKES TO DROP FROM 8 


INCHES TO ZERO VACUU 
COMPARE WITH SPECIFICATIONS. 


REPLACE VALVE IF IT FAILS 


STEP (4) OR (5) 
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5. CATALYST AND THERMACTOR Testing CT Systems 


HOW TO TEST IDLE VACUUM VALVE 
• Engine running at curb idle (5) VALVE MUST 
VENT DIAPHRAGM 


(1) TEE A TESTER TO ZERO VACUUM 


WITH BLEED VALVE 
INTO SOURCE 


MANIFOLD 
VACUUM 


(4) BLEED VACUUM 
OFF TO: 
ASH COLOR: 1.5-3 IN. 
RED: 3.5-4.5 IN. 
THEN... 
TEE A VACUUM GAUGE 


TESTER WITH INTO HOSE TO 
BLEED VALVE BYPASS VALVE 


COVER BLEED HOLES. 
VACUUM MUST BE 
FELT. 


REPLACE VALVE IF IT FAILS EITHER TEST. 


HOW TO TEST LOAD CONTROL (WOT) VALVE 


e Engine warm 
ο Test on carburetor fast idle kickdown step (open enough for vacuum to get to valve) 


TEE IN GAUGE AND 
OBSERVE READING 


(1) vacuum 
TO SOURCE 
VALVE CONNECTED 
DIAPHRAGM 


(4) THIS GAUGE 
MUST DROP 
TO ZERO 


VACUUM... 
THEN... 


REPLACE VALVE IF IT FAILS THIS TEST 
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Section 6 


SPARK ADVANCE SYSTEMS 


Spark advance systems have been on distributors since the earliest gasoline engines. Until electronic engine controls, 
most distributors have had both a vacuum operated and a mechanical (centrifugal) spark advance mechanism. 


About the time of IMCO (Improved Combustion) refinements to the engine to reduce exhaust emissions, various 
controls began to be used on the vacuum advance for better emission controls. 


ο In general, retarding (or delaying) the spark timing improves combustion by increasing combustion temperature 
and allowing leaner fuel mixtures. 

e Some controls have bettered the overall emissions level by causing a faster warmup of a cold engine. This has 
allowed reducing the choke come-off time, so that the engine runs lean faster. 

e Retarding the spark during deceleration or curb idle also reduces richness and improves emission levels. 


With the integration of emission controls into engine calibrations, some or all of these principles may be designed 
in. And with EEC engines, the advance control has been moved from the distributor to the ECA module. 


PORTED VACUUM CONTROL 
OF VACUUM SPARK 
ADVANCE 


VACUUM SWITCHING 

AND REGULATING CONTROLS 
(VALVES THAT MODULATE 
VACUUM SPARK CONTROL) 


EEC SPARK 
CONTROL 
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6. SPARK ADVANCE Ported Vacuum Control 


PORTED VACUUM SPARK ADVANCE CONTROL 


* 1.6 liter 2V shown 


(2) SOURCE VACUUM IS 
“5” PORT (PORTED VACUUM) 
(Т) VACUUM DIAPHRAGM 
ON IGNITION 
DISTRIBUTOR 
(SEE BELOW) 


DISTRIBUTOR 


4) VACUUM IS (3) NO VACUUM 
AVAILABLE IF THROTTLE 
OFF IDLE IS CLOSED 

(5) RETARD DELAY VALVE 

MAY BE USED TO DELAY 
VACUUM RELEASE WHEN SOURCE 
VACUUM IS OFF OR REDUCED 


HOW THE VACUUM ADVANCE MECHANISM WORKS 
ο 1.6/1.9 liter shown 


(4) PLATE TURNS SEVERAL DEGREES; 
CHANGES PICKUP RELATIONSHIP TO 
ARMATURE 


(1) MAGNETIC PICKUP 
IS MOUNTED ON 
MOVEABLE PLATE 


(5) ARMATURE 
TRIGGERS SIGNAL IN 
PICKUP 
EARLIER 
TO “ADVANCE” 
SPARK 


(3) WHEN VACUUM 
IS ON... 


VACUUM DIAPHRAGM 
IS LINKED TO PLATE 
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Ported Vacuum Control 6. SPARK ADVANCE 


TYPICAL VACUUM SCHEMATIC 
e 1.6 liter 2V shown 


ADVANCE 
DIAPHRAGM 


/ 


PORTED 
VACUUM 


NO VACUUM 
OPERATING MODES (9) ADVANCE 


HOT CURB IDLE OR 

DECELERATION 

ο No vacuum advance 

ο Retarded spark causes leaner 
burning; better HC-CO control 


S THROTTLE 
CLOSED 


NO PORTED 
VACUUM 


ο Full vacuum advance for APPLIED 
performance 

* Mechanical advance adds to 
total advance 


© 


THROTTLE 
UNCOVERS 
PORTED VACUUM “S” PORT 


EQUAL TO 
MANIFOLD VACUUM 


FULL THROTTLE (2) LITTLE OR NO 
e Little or no vacuum advance VACUUM ADVANCE 
e Mechanical advance provides 

total advance 


© 


VACUUM 
IS WEAK 
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6. SPARK ADVANCE Ported Vacuum Control 


VALVES THAT MODULATE PORTED VACUUM SPARK CONTROL 


VACUUM VENT VALVE 


This is a combination vent valve and "spark 
delay" valve 

Vents (dumps) vacuum from diaphragm in idle 
or WOT operation SINTERED METAL 
Delays vacuum advance during light RESTRICTOR 
acceleration to help improve exhaust emissions SEAT 

Also prevents fuel migration that could damage 

distributor diaphragm or other valves DUMP VALVE 
Must be mounted upright to prevent fuel from 

accumulating in valve FILTER 


CHECK VALVE 


DIAPHRAGM 


TOD 
VACUUM O DISTRIBUTOR 


SIGNAL 


MOUNTING POSITION 


DISTRIBUTOR 
VACUUM VENT 
VALVE (VVVAC) 


VENT 
OPENING 


DISTRIBUTOR 
DIAPHRAGM 
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Ported Vacuum Control Valves 6. SPARK ADVANCE 


VACUUM VENT VALVE OPERATION 


CRUISE OR LIGHT TO MODERATE ACCELERATION 
• Spark advance delayed on initial throttle opening 


RESTRICTION DELAYS BUILD 
CHECK VALVE UP OF VACUUM TO DISTRIBUTOR 
OPENS FROM 


(4) AIR CANNOT 
STRONG VACUUM ΗΝ E 


LLL, 


////////////, /////////////////// 


(@) DIAPHRAGM 15 
PULLED IN 


^ 
2, 
NB 
NS 


2 


(3) DUMP VALVE IS 
SEATED 


SPARK PORT : 
VACUUM IS HIGH καὶ Ὁ)- ---τοβιδτηιβύτοΒ 


0 
vo" 227777222 
SSS 


ΟῚ 


HEAVY ACCELERATION, DECELERATION OR IDLE 
e Zero vacuum advance 


* No delay in retarding from advance on condition 


(4) VENT IS OPEN 


έκδ) 
И 


(3) CHECK VALVE 
IS CLOSED 


(5) AIR FLOWS THROUGH 
FILTER TO DISTRIBUTOR 
PORT 
CLL 


CLL 4 


2 
Z 


DIAPHRAGM IS 

RELAXED 

(6) DISTRIBUTOR DIAPHRAGM 
IS VENTED 


Vile 
mm 


zz7zzzzzzz2) 
AA 


SPARK PORT 


VACUUM IS = 
WEAK OR ZERO + 
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6. SPARK ADVANCE Ported Vacuum Control 
to cori end uu "————————————IME. Ааа a 


SPARK DELAY VALVE (VDV) AND RETARD DELAY VALVE (VRDV) 
* Delays application or release of vacuum in one direction 
* Free flow in opposite direction 
* Construction is same; except filter is located on source vacuum side 


TO SOURCE TO SOURCE 
VACUUM 
SOURCE 


VACUUM 
SOURCE 


LARGE PORT 


TO DIAPHRAGM 
BLACK SIDE COLOR 


DELAY VALVE (VDV) RETARD DELAY VALVE (VRDV) 
DELAYS APPLICATIONS OF VACUUM DELAYS RELEASE OF VACUUM 


DELAY VALVE IN DISTRIBUTOR ADVANCE CONTROL 
Acceleration (throttle opens) off curb idle 


(1) VACUUM (2) RESTRICTOR 
IS STRONG DELAYS APPLICATION 


AIR CLEANER 


SPARK PORT DIAPHRAGM 


(3) CHECK VALVE 
IS CLOSED 


DECELERATION (THROTTLE CLOSES) 


(2) AIR FLOW (3) CHECK 
REVERSES VALVE OPENS 


AIR CLEANER 


SPARK 


PORT — (1) VACUUM OFF (4) VACUUM 


DUMPED INSTANTLY TO 
RETARD SPARK 
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Ported Vacuum Control Valves 6. SPARK ADVANCE 


VACUUM REGULATOR VALVE (VRV) 
e Provides partial advance at closed throttle for better emission control 
ο Full spark vacuum on when throttle opens 
ο 2-Port Valve has no "S" vacuum input 
ο 4-Port valve has a vent port in addition to these three ports 


THIS PORT TO DISTRIBUTOR 


SYMBOL * FULL PORTED VACUUM WHEN 
THROTTLE IS OPEN 


Is e REDUCED MANIFOLD VACUUM 


(6, 7 OR 8 INCHES) WHEN 
THROTTLE IS CLOSED 


REGULATED PORTED (“S”) VACUUM TO 


VACUUM COLOR THIS PORT 
CODE ON CAP 


* BLACK: 6 in HG 
* GREEN: 7 in HG 
e RED 8 in HG 


(1) FULL MANIFOLD VACUUM 
TO THIS PORT 


PORTED VACUUM SWITCH (PVS) 
e Senses coolant temperature 
* Switches vacuum around a restrictor or delay valve when engine warms; or can block 
vacuum cold and open warm. 


WARM ENGINE 


O-RING IS 
UNSEATED 


[02222222 


ZZ 


: ZA 
' 


(з) O-RING IS HELD 
SEATED TO BLOCK 
VACUUM 


COOLANT "i Ελ Ὗς "B" PORT CONNECTED TO 
TEMPERATURE — VACUUM SOURCE 


VACUUM FLOW 
THROUGH 
VALVE 


ENGINE COOLANT 


WHEN ENGINE WARMS, SENSOR 
EXPANDS TO PUSH PLUNGER UP 


SYMBOL 
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6. SPARK ADVANCE Ported Vacuum Control Systems 


COLD START SPARK HOLD (CSSH) SYSTEM WITH VACUUM VENT VALVE 
* Delays spark retard when cold engine decelerates 
ο Prevents cold engine stall in deceleration 


ο Instant retard when engine is warm for better emission control 
ο 1.6 liter 2V illustrated 


COLD ENGINE DECELERATION 


(3) RETARD DELAY VALVE 
TRAPS VACUUM MOMENTARILY 


(2) vvAC VENTS ——>|| 
VACUUM | 
IMMEDIATELY 


(5) ADVANCE VACUUM 
STAYS ON UNTIL 
VRDV BLEEDS DOWN 


(Ὁ PoRTED vacuum — ” 
DROPS TO ZERO 


WARM ENGINE DECELERATION 


(з) vvac vents ——e|| [|| E= -—— —(1) Mns PVS IS 
VACUUM 
IMMEDIATELY | vev 


(4) DIAPHRAGM IS VENTED THROUGH 
PVS AND BYPASS 


(2) PORTED vacuum 
DROPS TO ZERO 
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Ported Vacuum Control Systems 6. SPARK ADVANCE 
Forted vacuus уэ 


REGULATED MANIFOLD VACUUM SPARK ADVANCE АТ IDLE 


ο Improves idle and combustion 
e Controls exhaust emissions 
e 1.6 liter 2V shown 


CLOSED THROTTLE (IDLE OR DECELERATION) 


/ 


(S) REGULATOR VALVE (2) MANIFOLD VACUUM 
PUTS OUT 6 TO 8 INCHES IS STRONG (15-16 IN.) 
VACUUM 


(4) DIAPHRAGM PARTLY 
ADVANCES SPARK 


/ 


THROTTLE OPEN (CRUISE OR MODERATE ACCELERATION) 


(2) MANIFOLD VACUUM 
/ IS MODERATE TO STRONG 


(з) VRV OUTPUT IS FULL 
VACUUM 


(1) PORTED 
VACUUM 
IS EQUAL 


TO 
MANIFOLD 
VACUUM 
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6. SPARK ADVANCE EEC Control 


ELECTRONIC ENGINE CONTROL (EEC) SPARK TIMING 


An engine with EEC does not have a vacuum or mechanical (centrifugal) advance mechanism in the distributor. 
Instead: 


(n The ECA receives signals from several inputs and computes the best timing for the engine operating 
conditions. 


2 The significant operating conditions are manifold pressure, throttle position, coolant temperature, inlet 
air temperature, and exhaust gas richness. 


(8) The ECA also receives a basic timing signal from the pickup in the distributor and the ignition module. 


The computed timing signal (advance or retard) goes back to the ignition (TFI) module to control spark 
timing. (If there is a failure in the ECA control or wiring to the ignition module, the module automatically 
sets a fixed advance so the engine can run.) 


OUTPUTS 


INPUTS IGN 


SWITCH 


EEC = 
POWER 5 

RELAY 
° 


PART OF mus 
ISTRIBUTOR - > 
тала COOLING FAN 
CONTROLLER 


οσον 


PROFILE IGNITION 
PICKUP (PIP) 
SENSOR 
L_______]} 
THERMACTOR AIR 


ABSOLU R 

PRESSURE 

(MAP) SENSOR BYPASS (TAB) SOLENOID 
p 


“σσσσ)- 


THERMACTOR AIR 
DIVERTER (TAD) SOLENOID 


k 
THROTTLE KICKER 
SOLENOID (TKS) 


1 | 


ЕСА CONTROL 
(EGRC) 


AIR CHARGE c 
TEMPERATURE SOLENOID —— 
(ACT) SENSOR 


ENGINE СООГА! 
TEMPERATURE 
(ECT) SENSOR 


EGR VENT 
(EGRV) 
SOLENOID 


EXHAUST GAS 
OXYGEN (EGO) 
SENSOR 


GEAR 
SELF TEST SWITCH (MTX ONLY) 
OUTPUT (STO) FEEDBACK 


TO ALTERNATOR CONTROL 
CONNECTOR STATOR TERMINAL 


TO TACH TERMINAL. 
ON COIL 


SELF TEST 
INPUT (STI) 
CONNECTOR 


SHIELD 


(SIGNAL RETURN) 


EGO 
(REFERENCE VOLTAGE) SOUND ΦΈνοινε 


ENGINE 


2.3 LITER HSC SHOWN 
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Diagnosis 


6. SPARK ADVANCE 


WHAT CAN GO WRONG WITH SPARK TIMING CONTROL 


Incorrect spark timing causes such conditions as misfire under load, rough idle, detonation, overheating 
(especially after prolonged idle) and poor performance. 


If the vacuum advance diaphragm leaks, or the vacuum signal doesn't get to it, there is no vacuum advance. 
The spark stays at base timing until the centrifugal advance operates. 

If the spark is not retarded (vacuum advance off) during heavy acceleration, the engine may detonate. 
Loss of diaphragm vacuum in a system with some advance at idle can cause overheating and rough idle; 


plus detonation. 


When the TFI control from the ECA doesn't work and the ignition is on fixed timing, the performance 
(especially acceleration) will be poor. 


IN THESE CONDITIONS 
Leaky advance diaphragm 
Spark port plugged 


Vent valve stuck in vent 
position 


Vacuum line leak 


Vacuum regulator valve fails 
closed 


Retard delay valve backward 


PVS fails open on CSSH 
system 


Wrong vacuum routing 


ECA failure or open circuit 
between ECA and TFI ignition 
module 


THE RESULT CAN BE 


No vacuum advance 


Advance delay on 
acceleration; no retard delay 
on deceleration 


Vacuum advance on at idle 


Fixed timing 


Page 6-11 


SYMPTOMS MAY BE 
Poor performance 
Missing under load 


Surge at steady speed 


Poor fuel economy 


Poor acceleration 
Stall on deceleration or quick 
stop 


Poor idle (too fast) 
High emissions in exhaust 
Overheating 


Detonation (knock) 


Poor acceleration 
Poor fuel economy 


6. SPARK ADVANCE Testing 


SPARK TIMING CHECK 
. Attach a tachometer and a timing light. 


. Tee a hand vacuum pump with gauge into the vacuum hose to the distributor diaphragm (if the engine 
has vacuum advance). 


. At hot curb idle, check for base timing. Also check for zero vacuum to the diaphragm. (If the system has 
a vacuum regulator valve, check for reduced manifold at curb idle). 


. Open throttle to advance RPM and check for specified advance. Vacuum should kick in as the spark port 
is uncovered. 


. To test the distributor diaphragm and mechanism, pinch off the vacuum source hose and apply 12-15 inches 
vacuum with the hand pump. The diaphragm should hold vacuum and advance the timing. 


READ VACUUM 
TO DIAPHRAGM 


HAND VACUUM 
PUMP WITH 
GAUGE 


DISTRIBUTOR 
DIAPHRAGM 


ADVANCE 
VACUUM SOURCE 
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VANCE 
Testing 6. SPARK AD 


HOW TO TEST A SPARK DELAY VALVE OR RETARD DELAY VALVE 


(1) ATTACH VACUUM SOURCE TO ATTACH 
SMALL PORT VACUUM 
GAUGE TO LARGE 
(COLOR SIDE) PORT 
(3) APPLY 10 INCHES 
VACUUM AND TRAP 


\ 


(4) CHECK THAT GAUGE 
READS 10 INCHES 


(5) OPEN BLEED VALVE TO RELEASE: 
COUNT SECONDS IT TAKES TO 


DROP FROM 8 INCHES TO ZERO 
VACUUM. COMPARE WITH TABLE. 


REPLACE VALVE IF IT FAILS STEP 


(4) or (s) 


HOW TO TEST A VACUUM VENT VALVE 
* Verify "S" port vacuum is available off idle 
* Engine at idle 


(2) CONNECT HAND VACUUM 
PUMP TO DIAPHRAGM 
PORT 


CARBURETOR 
PORT 


(3) TRY TO APPLY VACUUM 


* MUST NOT HOLD AT 
CLOSED THROTTLE 


(4) DISCONNECT HOSE 
TRAPPED VACUUM 
AT DIAPHRAGM 
PORT MUST VENT 
INSTANTLY 


* MUST HOLD OFF IDLE 
(WHEN VACUUM IS AVAILABLE 
AT PORT 1.) 


LEAVE CARBURETOR— 


SOURCE HOSE 
ATTACHED 


REPLACE THE VALVE IF IT FAILS STEP (3) OR (4) 
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6. SPARK ADVANCE Testing 


HOW TO TEST A TWO-PORT PVS 


CONNECT VACUUM GAUGE 
mE REMOTE VACUUM. 
AND PLUG BOTH 
SUPPLY TO OTHER APPLY 10 INCHES 


HOSES FROM PVS VACUUM TO VALVE 
SENSOR Z 


COLOR 
CODE 


OPERATE ENGINE (4) SEE IF THERE IS 

UNTIL COOLANT A VACUUM READING 

WARMS ABOVE ON THIS GAUGE. IF 
PVS SETTING THERE IS, PVS IS 


DEFECTIVE. ` 
(6) REPEAT step (3) 


ABOVE. VACUUM SHOULD 
REGISTER ON GAUGE IMMEDIATELY. 
IF IT DOESN’T, OR BUILDS SLOWLY, 
E === SENSOR PVS IS DEFECTIVE. 


4-PORT 


NOTE: TEST BOTH UPPER AND LOWER VALVES ON THE 4-PORT VALVE 
REPLACE THE PVS IF IT FAILS EITHER TEST ABOVE. 


HOW TO TEST A VACUUM REGULATOR VALVE 


READ GAUGE AT 
CURB IDLE. 
MUST READ 
(1) ATTACH VACUUM CALIBRATED 
GAUGE TO VACUUM (SEE 
DISTRIBUTOR TABLE) 
PORT 


OPEN THROTTLE. 
VACUUM MUST 
INCREASE OFF 
IDLE. 


TO CARBURETOR 


(3) CHECK FOR 
MANIFOLD d a 
VACUUM AT 
THIS PORT (2) CHECK FOR VACUUM 


TO THIS PORT OFF IDLE 
TO MANIFOLD 


REPLACE VALVE IF IT FAILS TEST (4) OR (S) 
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Section 7 


DRIVEABILITY DIAGNOSIS 


While emission controls are designed specifically to control HC, CO, and NOx, they do have an effect on how the 
engine performs. This is because they are integrated into the overall engine control systems; and the fluids they 
flow are part of calibrating every modern "high tech" engine. 


DIAGNOSIS PRINCIPLES: 


ο Anything that affects air-fuel mixture will or can affect starting, idle quality, performance and fuel economy. 
This includes every system described in this manual except secondary air (Thermactor). 


e Anything that causes peak combustion temperature to increase, or spark timing to change, can be a cause 
of detonation. Thus, early fuel evaporation (EFE), EGR, and heat control valve systems must be looked 
at in addition to the spark advance system. 


* Engine breathing can be affected by vacuum leaks or by exhaust back pressure; resulting in performance 
problems. Any emissions system has a possibility of vacuum leaks except the catalyst; and the catalyst 
can be contaminated or overheated and cause back pressure. 


SYMPTOM-ORIENTED DIAGNOSIS 


This section summarizes the diagnosis principles covered in "What Can Go Wrong" in the system sections. The 
next two pages (2 and 3) are a summary of operation of the emission controls in a progression of engine operating 
modes. Following that are diagnosis summary pages for the symptoms covered by Diagnostic Routines in Shop 
Manual Volume H, for emission controls only. Refer to the Shop Manual for causes related to other engine control 
systems. 


ROUTINE NO. ROUTINE PAGE 
201 Cranks Normally But Won't Start 7-4 
202 Starts Normally But Won't Run (Stalls) 7-5 
203 Cranks Normally But Slow to Start 7-6 
204 Rough Idle 7-7 
205 Misses Under Load 7-8 
206 Stalls on Deceleration or Quick Stop 79 
207 Hesitates or Stalls on Acceleration 7-10 
208 Backfire (Induction or Exhaust) 7-11 
209 Lack of Power 7-12 
210 Surges at Steady Speed 743 
211 Engine Diesels (ог Idles too Fast) 7-14 
212 Engine Noise 7-15 
213 Poor Fuel Economy 7-16 
214 High Oil Consumption 747 
215 Spark Knock/Pinging 7-18 
218 Engine Runs Hot 7-19 
219 Exhaust Smoke 7-20 
220 Gas Smell 7-21 
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EMISSION CONTROL 


PRIMARY AIR 
CONTROL 


EXHAUST HEAT 
CONTROL VALVE 


EARLY FUEL 
EVAPORATION 
HEATER 


FUEL BOWL 
VENT 


CANISTER 
PURGE 


POSITIVE 
CRANKCASE 
VENT (PCV) 


EXHAUST GAS 
RECIRCULATING 
(EGR) 


THERMACTOR 
AIR 


COLD 
START 
CLOSED 


TO 
MANIFOLD 


COLD 
DRIVEAWAY 


HEATED 


CLOSED 


9 


MANIFOLD 
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WARMUP 
DRIVE/ 
CRUISE 


CLOSED 
THEN 
OPENS 


TO 
MANIFOLD 


OFF 


UPSTREAM 


HOT 
CRUISE 


О 
z 
n 


MANIFOLD 


DOWNSTREAM 


7. DRIVEABILITY DIAGNOSIS 


FRESH FRESH 
i i ME i 
TO TO 
INLET INLET INLET CANISTER INLET 


О 
PURGE OFF CANISTER OFF 


FF 

TO 
Е i 
MANIFOLD 
AND AIR TO TO TO 
CLEANER | MANIFOLD | MANIFOLD | MANIFOLD | MANIFOLD 
ЛЕ _ 

ОЕЕ 


ОЕЕ 
ТО 
ОЕЕ 
ТО 
i Edid 
DOWNSTREAM 
OR 
DOWNSTREAM|DOWNSTREAM|DOWNSTREAM|DOWNSTREAM UPSTREAM 
MOMENTARILY 
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MODE SEQUENCE 


FRESH FRESH 


О 
on 
Bi 


INLET 


Ú 


MANIFOLD 


7. DRIVEABILITY DIAGNOSIS 


CRANKS NORMALLY BUT WON’T START 


PRIMARY 


AIR 
CONTROL 


HEAT CONTROL 
VALVE 


EFE 
HEATER 


CANISTER 
PURGE 


THERMACTOR . 
AIR 


SPARK 


ADVANCE 
CONTROL 


IMPORTANT: CONDITIONS SHOWN ARE FOR EMISSION CONTROLS 
ONLY. FOR OTHER ENGINE SYSTEMS THAT CAN 
CAUSE THIS SYMPTOM, REFER TO DIAGNOSIS 
ROUTINE 201 IN SHOP MANUAL VOLUME H. 
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7. DRIVEABILITY DIAGNOSIS 


STARTS NORMALLY BUT WON'T RUN (STALLS) 


PRIMARY 
AIR 
CONTROL 


HEAT CONTROL 
VALVE 


CANISTER 
PURGE 


CONTROL 


IMPORTANT: CONDITIONS SHOWN ARE FOR EMISSION CONTROLS 
ONLY. FOR OTHER ENGINE SYSTEMS THAT CAN 
CAUSE THIS SYMPTOM, REFER TO DIAGNOSIS 
ROUTINE 202 IN SHOP MANUAL VOLUME H. 
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7. DRIVEABILITY DIAGNOSIS 


CRANKS NORMALLY BUT SLOW TO START 


HEAT CONTROL 
VALVE 


THERMACTOR 
AIR 


SPARK 


ADVANCE 


CONTROL 


IMPORTANT: CONDITIONS SHOWN ARE FOR EMISSION CONTROLS 
ONLY. FOR OTHER ENGINE SYSTEMS THAT CAN 
CAUSE THIS SYMPTOM, REFER TO DIAGNOSIS 
ROUTINE 203 IN SHOP MANUAL VOLUME H. 
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7. DRIVEABILITY DIAGNOSIS 


ROUGH IDLE 


PRIMARY 
AIR 
CONTROL 


| | 


THERMACTOR 
AIR 


SPARK 


ADVANCE 
CONTROL 


IMPORTANT: CONDITIONS SHOWN ARE FOR EMISSION CONTROLS 
ONLY. FOR OTHER ENGINE SYSTEMS THAT CAN 
CAUSE THIS SYMPTOM, REFER TO DIAGNOSIS 
ROUTINE 204 IN SHOP MANUAL VOLUME H. 
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7. DRIVEABILITY DIAGNOSIS 


MISSES UNDER LOAD 


PRIMARY 
AIR 
CONTROL 


HEAT CONTROL 
VALVE 


CANISTER 
PURGE 


THERMACTOR 
AIR 


IMPORTANT: CONDITIONS SHOWN ARE FOR EMISSION CONTROLS 
ONLY. FOR OTHER ENGINE SYSTEMS THAT CAN 
CAUSE THIS SYMPTOM, REFER TO DIAGNOSIS 
ROUTINE 205 IN SHOP MANUAL VOLUME H. 
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7. DRIVEABILITY DIAGNOSIS 


STALLS ON DECEL OR QUICK STOP 


PRIMARY 
AIR 
CONTROL 


HEAT CONTROL 
VALVE 


CANISTER 
PURGE 


IMPORTANT: 


CONDITIONS SHOWN ARE FOR EMISSION CONTROLS 
ONLY. FOR OTHER ENGINE SYSTEMS THAT CAN 
CAUSE THIS SYMPTOM, REFER TO DIAGNOSIS 
ROUTINE 206 IN SHOP MANUAL VOLUME H. 
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CONDITION(S) THAT COULD 
CAUSE THIS SYMPTOM 


Cold: No Heated Air 
Warm or Cold: Flow obstruction 


Cold: Valve stuck open'or lost vacuum to 
valve motor 


Cold: Open circuit on no heat condition 


Vacuum leak downstream from valve ` 


FUEL 
BOWL 
VENT 


THERMACTOR 
AIR 


.. Vacuum leak downstream from purge valve ` 


Valve stuck 


Base Timing incorrect 


Advance or retard incorrect 


IMPORTANT: 


CONDITIONS SHOWN ARE FOR EMISSION CONTROLS 
ONLY. FOR OTHER ENGINE SYSTEMS THAT CAN 
CAUSE THIS SYMPTOM, REFER TO DIAGNOSIS 
ROUTINE 207 IN SHOP MANUAL VOLUME H. 
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7. DRIVEABILITY DIAGNOSIS 


BACKFIRE (INDUCTION OR EXHAUST) 


PRIMARY 


AIR 
CONTROL 


HEAT CONTROL 
VALVE 


HEATER 


IMPORTANT: 


CONDITIONS SHOWN ARE FOR EMISSION CONTROLS 
ONLY. FOR OTHER ENGINE SYSTEMS THAT CAN 
CAUSE THIS SYMPTOM, REFER TO DIAGNOSIS 
ROUTINE 208 IN SHOP MANUAL VOLUME H. 
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FUEL 
BOWL 
VENT 


THERMACTOR 
AIR 


IMPORTANT: 


CONDITION(S) THAT COULD 
CAUSE THIS SYMPTOM 


Flow obstruction 
Cold: No heated air (vacuum loss) 


- Cold: Stuck open or vacuum loss to motor 


Cold: Open circuit or no heat condition x 


Vacuum leak 


Vacuum leak 


Valve stuck open; too much gas flow 
Mounting leak 
Control malfunction 


Base timing incorrect 
Advance or retard failure 


CONDITIONS SHOWN ARE FOR EMISSION CONTROLS 
ONLY. FOR OTHER ENGINE SYSTEMS THAT CAN 
CAUSE THIS SYMPTON, REFER TO DIAGNOSIS 
ROUTINE 209 IN SHOP MANUAL VOLUME H. 
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HEATER 


m 
T 


IMPORTANT: 


CONDITION(S) THAT COULD 
CAUSE THIS SYMPTOM 


Vacuum leak ahead of air cleaner control 


Vacuum leak 


Vacuum leak 
Vacuum leak 


Valve stuck open; fumes enter from hot canister, or 
Purge vacuum in fuel bowl 


Valve malfunction (open or closed) 
Loose, leaking mounting 
Control malfunction 


Vacuum leak in control system 


Vacuum leak 
Vacuum advance not operating 


CONDITIONS SHOWN ARE FOR EMISSION CONTROLS 
ONLY. FOR OTHER ENGINE SYSTEMS THAT CAN 
CAUSE THIS SYMPTOM, REFER TO DIAGNOSIS 
ROUTINE 210 IN SHOP MANUAL VOLUME H. 
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7. DRIVEABILITY DIAGNOSIS 


ENGINE DIESELS OR IDLES TOO FAST 


Vacuum leak v s 
. Valve stays closed with engine hot 


Heater on with engine hot 


Vacuum leak (downstream from valve) ` 


Vacuum leak (purge line) 


FUEL 


= 
О 
= 
m 


VENT 


_ Valve stuck closed or control malfunction 
causing too little EGR flow and overheating 


THERMACTOR 
AIR 


Vacuum hose misrouted or co 


IMPORTANT: CONDITIONS SHOWN ARE FOR EMISSION CONTROLS 
ONLY. FOR OTHER ENGINE SYSTEMS THAT CAN 
CAUSE THIS SYMPTOM, REFER TO DIAGNOSIS 
ROUTINE 211 IN SHOP MANUAL VOLUME H. 
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ЕРЕ 
HEATER 


FUEL 
BOWL 
VENT 


IMPORTANT: 


CONDITION(S) THAT COULD 
CAUSE THIS SYMPTOM 


Hiss - air leak or vacuum leak 


Hiss - vacuum leak 


Vacuum leak 


Hiss - air leak or vacuum leak 


Knock (detonation) - not enough EGR flow 


(Control or valve malfunction: vacuum loss) 


Hiss - air leak 
Rap, roar - Pulse air system in air cleaner 
Rumble, grind - pump or belt 


Knock (detonation) - 
Too much advance 
Vacuum hose misrouted or control failure 


CONDITIONS SHOWN ARE FOR EMISSION CONTROLS 
ONLY. FOR OTHER ENGINE SYSTEMS THAT CAN 
CAUSE THIS SYMPTOM, REFER TO DIAGNOSIS 
ROUTINE 212 IN SHOP MANUAL VOLUME H. 
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CONDITION(S) THAT COULD 
CAUSE THIS SYMPTOM 


Duct leak or obstruction 
Control malfunction 
Dirty air filter 


Stuck open or closed 


PVS or vacuum failure 


No power to heater 


Dirty filter pad 
Valve stuck 
Obstruction 


Vacuum leak 


Valve stuck open; purge vacuum in bowl 


Valve stuck open or closed 
Control malfunction 
Loose or leaky mounting 


THERMACTOR 
AIR 


Too much or too little advance 
Vacuum failure 
Hose misrouting 


IMPORTANT: CONDITIONS SHOWN ARE FOR EMISSION CONTROLS 
ONLY. FOR OTHER ENGINE SYSTEMS THAT CAN 
CAUSE THIS SYMPTOM, REFER TO DIAGNOSIS 
ROUTINE 213 IN SHOP MANUAL VOLUME H. 
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7. DRIVEABILITY DIAGNOSIS 


HIGH OIL CONSUMPTION 


HEAT CONTROL 
VALVE 


CANISTER 
PURGE 


THERMACTOR 


SPARK 


ADVANCE 
CONTROL 


IMPORTANT: CONDITIONS SHOWN ARE FOR EMISSION CONTROLS 
ONLY. FOR OTHER ENGINE SYSTEMS THAT CAN 
CAUSE THIS SYMPTOM, REFER TO DIAGNOSIS 
ROUTINE 214 IN SHOP MANUAL VOLUME H. 
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7. DRIVEABILITY DIAGNOSIS 


SPARK KNOCK/PINGING 


| SS 


CANISTER 


PURGE 


FUEL 
BOWL 
VENT 


THERMACTOR 
AIR 


IMPORTANT: CONDITIONS SHOWN ARE FOR EMISSION CONTROLS 
ONLY. FOR OTHER ENGINE SYSTEMS THAT CAN 
CAUSE THIS SYMPTOM, REFER TO DIAGNOSIS 
ROUTINE 215 IN SHOP MANUAL VOLUME H. 
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7. DRIVEABILITY DIAGNOSIS 


ENGINE RUNS HOT 


| | 


CANISTER 
PURGE 


FUEL 
BOWL 
VENT 


THERMACTOR 
AIR 


IMPORTANT: CONDITIONS SHOWN ARE FOR EMISSION CONTROLS 
ONLY. FOR OTHER ENGINE SYSTEMS THAT CAN 
CAUSE THIS SYMPTOM, REFER TO DIAGNOSIS 
ROUTINE 218 IN SHOP MANUAL VOLUME H. 
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7. DRIVEABILITY DIAGNOSIS 


HEAT CONTROL 
VALVE 


EFE 
HEATER 


CANISTER 
PURGE 


FUEL 
BOWL 
VENT 


THERMACTOR 
AIR 


SPARK 


ADVANCE 
CONTROL 


IMPORTANT: 


EXHAUST SMOKE 


CONDITIONS SHOWN ARE FOR EMISSION CONTROLS 
ONLY. FOR OTHER ENGINE SYSTEMS THAT CAN 
CAUSE THIS SYMPTOM, REFER TO DIAGNOSIS 
ROUTINE 219 IN SHOP MANUAL VOLUME H. 
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7. DRIVEABILITY DIAGNOSIS 


GAS SMELL 


το CONDITION(S) THAT COULD 
|. CAUSE THIS SYMPTOM 


PRIMARY 
AIR 
CONTROL 


HEAT CONTROL 
VALVE 


Broken, leaking canister 
. Fuel vapor line leak _ 
_ Line disconnected _ 


CONTROL 


IMPORTANT: CONDITIONS SHOWN ARE FOR EMISSION CONTROLS 
ONLY. FOR OTHER ENGINE SYSTEMS THAT CAN 
CAUSE THIS SYMPTOM, REFER TO DIAGNOSIS 
ROUTINE 220 IN SHOP MANUAL VOLUME H. 
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Section 8 


GLOSSARY OF TECHNICAL TERMS 


A 


AIR BYPASS VALVE - A valve in the air pump system. 
At high engine vacuum, it vents pressurized air from 
the air pump to the atmosphere in order to prevent 
backfiring. At other times it sends air to the exhaust 
manifold; on cars with a three-way catalyst, it sends 
air only to the oxidation catalyst when the engine 
warms up. Also known as the 'anti-backfire valve' or 
'diverter valve. 


AIR CHARGE TEMPERATURE (ACT) SENSOR - Air 
charge temperature sensor or its signal line. 
Thermistor sensor can be located in intake manifold 
(EFI Systems) or air cleaner. Responsible for inputting 
to ECU the temperature of air stream in the air filter 
or intake manifold. If air is cold, signals choke to let 
off slowly. Alters engine speed after choke is off, and 
below a certain temperature dumps thermactor air for 
catalyst protection. 


AIR CLEANER BI-METAL (A/CL BI-MET) SENSOR 
- Senses the temperature of incoming fresh air. Bleeds 
off vacuum when air cleaner is warm. 


AIR CLEANER DUCT AND VALVE VACUUM MOTOR 
(A/CL DV) - Opens and closes the air cleaner duct 
to provide heated or unheated air to the engine 
dependent upon the temperature of the incoming air. 


AIR CONTROL VALVE (ACV) - A vacuum controlled 
valve in the thermactor system which diverts air pump 
air to either the upstream (exhaust manifold) or 
downstream (underbody catalyst) air injection points 
as required. A diverter valve or a combination 
bypass/diverter valve. 


AIR PUMP - A device to produce a flow of air at higher 
than atmospheric pressure. Normally referred to as a 
thermactor air supply pump. 


ALTITUDE COMPENSATION SYSTEM - An altitude 
Barometric Switch and Solenoid used to provide better 
driveability over 4,000 feet above sea level. 


AIR/FUEL MIXTURE - A ratio of the amount of air that 
is mixed with fuel before it is burned in the combustion 
chamber. 


AMBIENT TEMPERATURE - Temperature of air 
surrounding an object. 


ANTI-BACKFIRE VALVE - Often called a gulp valve, 
the anti-backfire valve is located downstream from the 
air bypass valve. Its purpose is to divert a portion of 
the thermactor air to the intake manifold when it is 
triggered by intake manifold vacuum on deceleration. 
The valve operates only during periods of sudden 
decrease in intake manifold pressure. 


AUTOMOTIVE EMISSIONS - Gaseous and particulate 
compounds that are emitted from a car's crankcase, 
exhaust, carburetor and fuel tank (hydrocarbons, 
nitrogen oxide and carbon monoxide). 


BACKFIRE SUPPRESSOR VALVE (BSV) - A device 
used in conjunction with the early design 
""Thermactor" exhaust emission system. Its primary 
function is to lean-out the excessively rich fuel mixture 
which follows closing of the throttle after acceleration. 
Allows additional air into the induction system 
whenever intake manifold vacuum increases. 


BACKPRESSURE VARIABLE TRANSDUCER (BVT) 
SYSTEM - A system combining a ported EGR valve 
and a backpressure variable transducer to control 
emissions of NOx. The BVT system is used on most 
1.6L and 2.3L passenger car applications. 
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GLOSSARY 


BAROMETRIC AND MANIFOLD ABSOLUTE 
PRESSURE SENSOR (BMAP) - Sensor housing 
containing both MAP and BP sensors. The barometric 
pressure sensor monitors atmospheric pressure and 
allows adjustment of spark advance, EGR flows, and 
air/fuel ratio as a function of altitude. The manifold 
absolute pressure sensor monitors engine vacuum 
and provides engine load information which is used 
to calculate spark advance, EGR flow and air/fuel ratio. 


BAROMETRIC PRESSURE (BP) - A sensor or its 
signal circuit that sends a varying frequency signal to 
the processor relating actual barometric pressure. 


ΒΙΜΕΤΑΙ... .ΟΒ BIMETAL HEAT SENSOR (BHS) - 
A strip (often coiled) made up of two metals that have 
different expansion characteristics. These strips are 
used in thermostatically controlled devices because 
they will move or bend toward the metal that expands 
least when heat is applied. 


BOWL VENT PORT (BV) - Portin a carburetor which 
vents fumes and excess pressure from the bowl to 
maintain atmospheric pressure. 


BYPASS VALVE (BPV) - Valve that opens under 
certain conditions to permit a flow of liquid or gas by 
some alternate to its normal route. See Air Bypass 
Valve. 


C 


CANISTER - A container, in an evaporative emission 
control system, that contains charcoal to trap vapors 
from the fuel system. 


CANISTER PURGE VALVE - Valve used to regulate 
the flow of vapor from the charcoal canister to the 
engine. 


CANISTER PURGE SHUT OFF VALVE (CSOV) - A 
vacuum operated valve which shuts off canister purge 
when the thermactor air diverter valve dumps air 
downstream. 


CANISTER PURGE SOLENOID (CANP) - Electrical 
solenoid or its control line. Solenoid opens valve from 
fuel vapor canister line to intake manifold when 
energized. Controls flow of vapors between carburetor 
bowl vent and carbon canister. 


CARBON MONOXIDE - A colorless, odorless, 
poisonous gas, composed of carbon and oxygen, that 
is a component of auto exhaust emissions. 
Abbreviation is CO. 


CATALYST - A compound or substance which can 
speed up or slow down the reaction of other 
substances without being consumed itself. In an 
automatic catalytic converter, special metals (i.e., 
platinum, palladium) are used to promote more 
complete combustion of unburned hydrocarbons and 
a reduction of carbon monoxide. 


CATALYTIC CONVERTER (CC) - A muffler-like 
component in the exhaust system that promotes a 
chemical reaction that converts certain air pollutants 
in the exhaust gases into harmless substances. 


CHECK VALVE - A one-way valve which allows a liquid 
or gas to flow in one direction only — prevents 
backflow. 


CLOSED LOOP MODE - Mode in which the ECA 
operates with EGO sensor feedback. 


CLOSED SYSTEM - Crankcase ventilation system 
which vents crankcase pressure and vapors back into 
the engine where it is burned during combustion 
rather than venting to the atmosphere. A PCV system. 


COLD WEATHER MODULATOR (CWM) - A vacuum 
modulator located in the carburetor air cleaner on 
some models. Prevents the air cleaner duct door from 
opening to non-heated intake air when fresh air is 
below 139 C (55°F). Looks like a Temperature Vacuum 
Switch, differentiated by color codes. 


COMBINATION THERMACTOR AIR BYPASS AND 
AIR DIVERTER VALVE - Combines the function of a 
normally closed air bypass valve and an air control 
valve in one integral valve. 


COMPUTED TIMING - The relationship of spark plug 
firing to crankshaft position expressed in crankshaft 
degrees. On EEC-II and ΙΙΙ crankshaft position was 
determined by the crankshaft position (CP sensor). On 
EEC-IV this function is controlled by the Profile Ignition 
Pickup (PIP) sensor. 


CO - See carbon monoxide. 


CONVENTIONAL OXIDATION CATALYST (COC) - 
Catalyst which acts on the two major pollutants: HC 
and CO. 


CRANKCASE BREATHER -A port or tube that vents 
fumes from the crankcase. An inlet breather allows 
fresh air into the crankcase. 
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GLOSSARY 


D 


DECELERATION - A decrease in speed. 


DELAY VALVE (DV) - Vacuum restriction used to retard 
or delay the application of a vacuum signal. Also 
referred to as "Vacuum Delay Valve" (VDV). 


DELAY VALVE-TWO WAY (DV-TW) - A delay valve 
which functions in both directions 


DISTRIBUTOR VACUUM AND VENT VALVES - 
VAVCC-D 


DISTRIBUTOR VACUUM VENT VALVE (DVVV) - 
Required by some engines to prevent fuel migration 
to distributor advance diaphragm and to act as a spark 
advance delay valve. 


DIVERTER VALVE - Valve that directs secondary air 
downstream to mid-bed port of three-way catalyst. See 
Air Control Valve. 


DUAL CATALYTIC CONVERTER - See ‘three-way 
catalyst' (TWC). 


E 


“E” PORT - A carburetor source for EGR vacuum. 
ECA - See Electronic Control Assembly. 

EGR - Exhaust Gas Recirculation. 

EGR ACT - EGR solenoid pressure valve assembly. 


EGR CONTROL SOLENOID (EGRC) - Electrical 
solenoid or its control line. Solenoid switches engine 
manifold vacuum to operate EGR valve when solenoid 
is energized. 


EGR COOLER ASSEMBLY - Heat exchanger using 
engine coolant to reduce exhaust gas temperature. 


EARLY FUEL EVAPORATION (EFE) - A device to heat 
the air fuel mixture entering the intake manifold when 
the engine is cold. 


EESS (Evaporative Emission Shed System) - A 
system for containment of evaporative fuel vapors 
introduced in 1978. Annual improvements have 
modified this system. 


EGR VACUUM - A vacuum source above the closed 
throttle plate; used for control of ported EGR valves. 
Vacuum is zero at closed throttle. 


EGR VALVE - Valve used to introduce exhaust gases 
into the intake air stream. There are several in use on 
Ford vehicles today. The four basic types are: 


(1) Integral Backpressure (B/P) Transducer EGR 
Valve - This EGR valve combines inputs of exhaust 
backpressure and EGR port vacuum into one unit. 
This valve requires both inputs to operate on vacuum 
alone. The backpressure valve has two types, poppet 
and tapered pintle. 


(2) Ported EGR Valve - Operated by a vacuum signal 
from the carburetor EGR port. The port signal actuates 
the valve diaphragm. As vacuum increases, spring 
pressure is overcome, opening the valve and allowing 
EGR flow. The amount of flow is dependent upon the 
position of the tapered pintle or poppet whose position 
reflects the strength of the vacuum signal. 


(3) Electronic EGR Valve - EGR valve used in EEC 
systems where EGR flow is controlled by the ECA, by 
means of an EGR valve position (EVP) sensor 
attached to the valve. Operating vacuum is supplied 
by EGR solenoid valve(s). 


(4) Valve and Transducer Assembly - This 
component consists of a modified ported EGR valve 
and a remote transducer. This assembly operates the 
same as the Integral Backpressure Transducer EGR 
valve and is used on some 2.0L and 2.3L gasoline 
engines. 


EGR VALVE POSITION (EVP) SENSOR - 
Potentiometric Sensor or its signal line used in 
electronically controlled EGR systems. Sensor wiper 
position is proportional to EGR Valve pintle position. 
This allows the electronic control assembly (ECA) to 
determine actual EGR flow at any point in time. 


EGR VENT (EGRV) SOLENOID - Electrical solenoid 
or its control line. Solenoid normally vents EGRC 
vacuum line. When EGRV is energized, EGRC can 
open EGR valve. 


EGR VENTURI VACUUM AMPLIFIER - Device which 
uses relatively weak venturi vacuum to control a 
manifold vacuum signal to operate the EGR valve. 
Contains a check valve and relief valve which open 
whatever venturi vacuum signal is equal to or greater 
than manifold vacuum. 
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GLOSSARY 


ELECTRONIC CONTROL ASSEMBLY (ECA) - A 
vehicle computer consisting of a calibration assembly 
containing the computer memory and thus its control 
program and processor assembly, which is the 
computer hardware. 


ELECTRONIC ENGINE CONTROL (EEC) - A 
computer directed system of engine control. EEC-I - 
control of engine timing. EEC-II - control of engine 
timing and fuel (with FBC system). EEC-III - FBC 
descendent of ЕЕС-ІІ. EEC-III - CFI control of engine 
timing and fuel (with EFI system). EEC-IV is a 
descendent of the EEC-III with ап FBC CFI and EFI 
control system. 


ENGINE COOLANT TEMPERATURE (ECT) SENSOR 
- Refers to thermistor sensor or its signal line. Sensor 
is immersed in engine coolant. Provides engine 
coolant temperature information to ECU which is used 
to alter spark advance and EGR flow during warm-up 
or overheat condition. (Replaces cooling and EGR 
PVS). 


EVAPORATIVE EMISSION CONTROLS (EEC) - 
Emission control system responsible for preventing 
fuel vapors from entering the atmosphere, primarily 
from the fuel tank and carburetor. 


EVAPORATIVE EMISSION SHED SYSTEM (EESS) - 
A system for containment of fuel vapors (evaporative 
emissions) introduced in 1978. Annual improvements 
have modified this system. 


EXHAUST GAS CHECK VALVE (EGC) - Allows 
thermactor air to enter exhaust manifold but prevents 
reverse flow in the event of improper operation of other 
components. 


EXHAUST GAS OXYGEN SENSOR (EGO) - Exhaust 
Gas Oxygen Sensor or its signal line. Sensor changes 
its output voltage as exhaust gas oxygen content 
changes when compared to oxygen content of 
atmosphere. Constantly changing voltage signal is 
sent to the processor for analysis and adjustment to 
the air/fuel ratio. 


EXHAUST GAS RECIRCULATION (EGR) - А 
procedure where a small amount of exhaust gas is 
readmitted to the combustion chamber to reduce peak 
combustion temperatures and thus reduce NO 
emissions. 


EXHAUST HEAT CONTROL VALVE (HCV) - A valve 
which routes hot exhaust gases to the intake manifold 
heat riser during cold engine operation. The valve can 
be thermostatically controlled, or vacuum operated. 
In EEC-IV this valve is controlled by the signal from 
the ECA. 


E 


FUEL TANK VAPOR VALVE - A valve mounted in the 
top of the fuel tank responsible for venting excess 
vapor and pressure from the fuel tank into the 
Evaporative Emission Control System. 


FUEL-VACUUM SEPARATOR - Used to filter waxy 
hydrocarbons from carburetor ported vacuum to 
protect the vacuum delay and distributor vacuum 
controls. 


HC - Hydrocarbon 


HEATED AIR INLET SYSTEM - System which 
operates during cold weather and cold start. Its 
purpose is to bring warm, filtered air into the engine 
to control the volume of air entering the engine, 
vaporize the fuel better and reduce HC and CO 
emissions. 


HYDROCARBON (HC) - A chemical composition 
made up of hydrogen and carbon, such as petroleum. 


HYDROGEN - Highly flammable elemental gas. 
Chemical symbol is H. 


IDLE VACUUM VALVE (IVV) - This device may be 
used in conjunction with other vacuum controls to 
dump thermactor air during extended periods of idle. 
Provides protection to catalyst. 
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IGNITION MODULE SIGNAL (IMS) - The signal 
produced by the ECA that controls the ignition module 
ON and OFF time and, therefore, the spark plug timing 
and coil dwell. 


ІМСО - An improved combustion type engine exhaust 
emission system. (IMproved COmbustion). A product 
identification name of Ford Motor Company. 


INFRARED ANALYZER - Instrument used to measure 
exhaust emissions. 


K 


KNOCK SENSOR (KNK) - A piezoelectric 
accelerometer designed to resonate at approximately 
the same frequency as the engine knock frequency 
and provide this information to the processor (ECA). 


MANIFOLD ABSOLUTE PRESSURE (MAP) 
SENSOR - A sensor or its signal circuit that sends a 
varying frequency signal to the processor for 
calculation of barometric pressure based on manifold 
vacuum and manifold pressure. 


MANIFOLD CHARGE TEMPERATURE (MCT) 
SENSOR - See 'air charge temperature sensor (ACT). 


MANIFOLD CONTROL VALVE (MCV) - А 
thermostatically operated valve in the exhaust 
manifold for varying heat to the intake manifold with 
respect to the engine temperature. See Exhaust Heat 
Control Valve. 


MANIFOLD VACUUM - Vacuum generated below the 
throttle plates of a carburetor. Vacuum present in the 
intake manifold. Manifold vacuum is high at idle and 
lowers as the throttle plates open. 


MICROPROCESSOR CONTROL UNIT (MCU) - 
Integral part of electronically controlled feedback 
carburetor using TWC catalyst. Various sensors 
monitor mode conditions. MCU is widely used on Ford- 
built vehicles for the control of air/fuel ratios. 


MONOLITHIC SUBSTRATE The ceramic 
honeycomb structure used as a base to be coated with 
a metallic catalyst material for use in the catalytic 
converter. 


N 


NITROGEN - An elemental gas which is inert. 
Seventy-eight percent of the air is nitrogen. Chemical 
symbol is N. 


NITROGEN OXIDES (NOx) - A compound formed 
during the engine's combustion process when oxygen 
in the air combines with nitrogen in the air to form the 
nitrogen oxides which are agents in photochemical 
smog. 


ο 


O - Chemical symbol for oxygen. 


OPEN LOOP MODE - Mode in which the ECA 
operates without EGO sensor feedback. 


OPEN SYSTEM - Descriptive term for crankcase 
emissions control system which vents to the 
atmosphere. 


P 


PARTICULATE - A tiny bit of solid matter found in 
exhaust gases. 


PARTS PER MILLION - A measure used in emission 
analyses. Abbreviation is PPM or ppm. 


PCY - Abbreviation for Positive Crankcase Ventilation. 


PHOTOCHEMICAL - Term describing the action of 
light (photo) on air pollutants (chemicals), which 
creates smog. 


PORTED VACUUM - Vacuum tapped from a passage 
just above the throttle plate in a carburetor. "S" Port 
vacuum. 


PORTED VACUUM SWITCH (PVS) - A temperature 
actuated switch that changes vacuum connections 
when the coolant temperature changes. (Originally 
used to switch spark port vacuum; now used for any 
vacuum switching function that requires coolant 
temperature sensing.) 
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POSITIVE CRANKCASE VENTILATION SYSTEM 
(PCV) - An emission control system that routes engine 
crankcase fumes into the intake manifold or air 
cleaner, where they are drawn into the cylinders and 
burned along with the air-fuel mixture. Abbreviation 
is PCV. 


POSITIVE CRANKCASE VENTILATION VALVE 
(PCV) - A valve which controls the flow of vapors from 
the crankcase into the engine. 


PPM OR ppm - Abbreviation for parts per million. 


PROCESSOR - The 'on-board' computer that receives 
data from a number of sensors and other electronic 
components. Based on input data information 
programmed into the processors memory, the 
processor generates output signals to control various 
engine functions. 


PSOV - See ‘canister purge shut off valve’. 


PULSE AIR SYSTEM - A type of exhaust emission 
control system which uses the natural exhaust pulses 
in a turned pipe. A reed-type check valve responds 
to the negative pressure pulses and permits air to be 
drawn into the exhaust system. 


PURGE CONTROL VALVE (PURGE CV) - Valve used 
to control the release of fuel vapors from the charcoal 
canister into the engine. 


PURGE SOLENOID - Device used to control the 
operation of the purge valve in evaporative control 
emission systems. 


PVS - Ported Vacuum Switch 


R 


REED VALVE - Check valve used on some secondary 
air (Thermactor 11) applications. Prevents reverse flow 
of air from exhaust manifold to intake air cleaner. 


RETARD DELAY VALVE - (See Vacuum Retard Delay 
Valve) 


S 


“S” PORT - А special carburetor port to take off ported 
vacuum. 


SEPARATOR ASSEMBLY - FUEL VACUUM (SA-FV) 
- See Fuel Vacuum Separator 


SHED (SEALED HOUSING EVAPORATIVE 
DETERMINATION SYSTEM) - See EESS. 


SILENCER EXHAUST AIR SUPPLY (SILN) - A 
Thermactor II Pulse Air System. 


SMOG - Air pollution created by the reaction of 
nitrogen oxides to sunlight. 


SOLENOID VALVE CARBURETOR BOWL VENT (SV- 
СВУ) - A solenoid vent valve. 


SOLENOID VENT VALVE (SVV) - Energized by 
ignition switch to control fuel vapor flow to canister. 
Ignition off opens valve. 


SPACER ENTRY EGR SYSTEM - Exhaust gases are 
routed directly from exhaust manifold through 
stainless steel tube to carburetor base. 


SPARK DELAY VALVE (SDV) - A valve that operates 
spark vacuum advance during rapid acceleration from 
idle or from speeds below 15 miles per hour, and to 
cut off spark advance immediately on deceleration. 
Has an internal sintered orifice to slow air in one 
direction, a check valve for free air flow in opposite 
direction and a filter. 


SPARK OUTPUT (SPOUT) - The output signal from 
the processor which triggers the TFI-IV Module to fire 
the ignition coil. 


STOICHIOMETRIC - Chemically correct. An air/fuel 
mixture is considered stoichiometric when it is neither 
too rich nor too lean; stoichiometric ratio is 14:6 parts 
of air for every part of fuel. 


T 


TEMPERATURE VACUUM SWITCH (TVS) - Located 
in the carburetor air cleaner to control vacuum to the 
EGR valve or other diaphragm. A cold air “lockout”. 
Responds to temperature of the inlet air heated by the 
exhaust manifold. Looks like a cold weather modulator, 
differentiated by color. 


THERMACTOR - An air injection type of exhaust 
emission control system. A product identification name 
of Ford Motor Company. See Thermal Reactor. 


THERMACTOR 1 - See Pulse Air System. 
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THERMACTOR AIR BYPASS (TAB) SOLENOID - 
Electrical Solenoid or its control line. Solenoid 
switches engine manifold vacuum. Vacuum bypasses 
thermactor air to atmosphere. 


THERMACTOR AIR CONTROL SOLENOID VACUUM 
VALVE ASSEMBLY - Used on thermactor air control 
system, the valve assembly consists of two normally 
open solenoid valves with vents. 


THERMACTOR AIR CONTROL VALVE - Combines 
a bypass (dump) valve with a diverter (upstream- 
downstream) valve. Controls the flow of Thermactor 
air in response to vacuum signals to its diaphragms. 


THERMACTOR AIR DIVERTER (TAD) SOLENOID - 
Electrical solenoid or its control line. Solenoid switches 
engine manifold vacuum. Vacuum switches 
thermactor air from downstream (past EGO sensor in 
exhaust system) to upstream (before EGO sensor) 
when solenoid is energized. 


THERMAL REACTOR - Exhaust manifold design 
using heat and air to burn unburned hydrocarbons in 
the exhaust gases in order to reduce air pollution. 
Requires a secondary air (Thermactor) source to the 
exhaust system. 


THERMACTOR VACUUM AND VENT CONTROL 
VALVE - VACVVT. 


THERMAL VACUUM SWITCH (TVS) - See 
Temperature Vacuum Switch. 


THERMAL VENT VALVE (TVV) - Temperature 
sensitive valve assembly located in the canister vent 
line. Closes when engine is cold and opens when hot. 
Prevents fuel tank vapors from being vented through 
the carburetor fuel bowl when fuel tank heats up 
before engine compartment. 


THREE-WAY CATALYST (TWC) - (1) A catalyst 
designed to simultaneously convert hydrocarbons, 
carbon monoxide and oxides of nitrogen into relatively 
inert substances. Only effective when the exhaust 
gases are chemically correct, that is, when the air/fuel 
ratio of the mixture burned in the cylinders is 14:6:1. 
See also ‘stoichiometric’. 


THROTTLE POSITION SENSOR (TP) - 
Potentiometric sensor or its signal line. Sensor wiper 
position is proportional to throttle position. Defines 
engine operation mode: closed, part or wide open 
throttle, also throttle angle rate for accelerator pump 
function (replaces carburetor spark/ERG port.) There 
are two types of throttle positioners: rotary and linear 
(Tempo and Topaz only). 


TVS - Temperature Vacuum Switch. 


ТУУ - Thermal Vent Valve. 


V 


VACUUM - The lack of air or air pressure. There are 
three types of vacuums important to engine and 
component function: manifold, ported and venturi. The 
strength of these vacuums is dependent on throttle 
opening, engine speed and load. 


VACUUM CHECK VALVE (VCV) - A one way valve 
used to retain vacuum signal in a line after vacuum 
source is gone. Prevents back flow. 


VACUUM CONTROL VALVE (VCV) - A ported vacuum 
switch. Controls vacuum to other emission devices 
during engine warm-up. The 2-port types simply open 
when engine coolant reaches their pre-determined 
calibration temperatures. The 4-port types open 
likewise, since they are nothing more than two, 2-port 
types in one housing. The 3-port types switch the 
vacuum source to the center port from the top or the 
bottom ports. Most VCV's respond to a sensing bulb 
immersed in engine coolant by utilizing a wax pellet 
principle. 


VACUUM DELAY VALVE (VDV) - See ‘delay valve’. 


VACUUM DIFFERENTIAL VALVE (VDV) - A valve 
used in the Thermactor system with catalyst to cut off 
vacuum to the air bypass valve during deceleration. 


VACUUM REGULATOR - Provides constant vacuum 
output when vehicle is at idle from manifold. Switches 
to engine vacuum off idle. 


VACUUM REGULATOR VALVE (VRV) 2-PORT - 
Vacuum regulator which provides a constant output 
signal when the input level is greater than a preset 
level. At a lower input vacuum the output equals the 
input. 
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VACUUM REGULATOR VALVE (VRV) 3- & 4-PORT 
- 3-port and 4-port valves are used to control the 
vacuum advance to the distributor. 


VACUUM RESERVOIR (VRESER) - Stores vacuum 
and provides "muscle vacuum." Prevents rapid 
fluctuations and sudden drops in a vacuum signal, 
such as seen during acceleration. 


VACUUM RESTRICTOR (VREST) - Used to control the 
flow rate and/or timing in actions to different emission 
control components. 


VACUUM RETARD DELAY VALVE (VRDV) - A valve 
which delays a decrease in vacuum at the distributor 
vacuum advance unit when the source vacuum 
decreases. (Can be used to delay release of vacuum 
from any diaphragm; a “momentary” trap for vacuum.) 


VACUUM VENT VALVE (V VV) - Controls the induction 
of fresh air into a vacuum system to prevent chemical 
decay of the vacuum diaphragm that can occur on 
contact with fuel. The 12A226 (natural cap) is a 
combined vent and delay valve. Although this valve 
was intended for use in a specific system with an air 
cleaner mounting, it may be used in any other vacuum 
system and mounted elsewhere. The valve should be 
mounted, with ports pointing downward for fuel 
drainback. The vacuum source must be connected to 
the cap port and the system or device operated, to the 
body port. 


VANE AIR TEMPERATURE (VAT) SENSOR - A sensor 
located in the vane airflow meter which senses the 
temperature of the air flowing into the engine. 
Changes of temperature result in changes in a 
resistive element in the sensor. 


VANE AIRFLOW (VAF) METER - A sensor with a 
moveable vane connected to a potentiometer 
calibrated to measure the amount of air flowing 
through the sensor. The output signal is relayed to the 
ECA which then translates the information into the 
amount of air flowing into the engine. 


VAPOR-RECOVERY SYSTEM - See ‘evaporative 
emission controls; 


VEHICLE EMISSION CONTROL INFORMATION 
DECAL (VECI) - Critical specifications for servicing 
emission systems. Decal located in engine 
compartment. 


VENTURI VACUUM AMPLIFIER (VVA) - Used with 
some EGR systems so that carburetor venturi vacuum 
can control EGR valve operation. Venturi vacuum is 
desirable because it is proportional to the airflow 
through the carburetor. 
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